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OuR knowledge of the nature of infective agents, and of 
the mode in which we are able to resist them, is of com- 
paratively recent development, and the theories now in 
vogue to explain the observed facts are still more novel ; 
so that the whole subject forms almost unknown ground to 
the majorifcy of medical practitioners. Yet the importance 
of this branch of study is very great : it is in this direction 
that our insight into the nature of disease has advanced 
most rapidly, and that the prospects of successful treatment 
are most encouraging. 

In the present volume I have endeavoured to give 
a short account of the principal facts which have been 
ascertained, and of the general trend of speculation, on the 
subject of immunity — one which shall be intelligible to 
readers who have not had opportunities of making them 
selves acquainted with the vast and daily-increasing litera- 
ture on this branch of pathology — as well as to elucidate 
the practical value of the many remedial agents which 
have been introduced in the form of serums, vaccines and 
toxines. 

I have not attempted to discuss in detail the mode of 
preparation of these substances, since this is a matter 
which concerns expert bacteriologists and laboratory 
workers rather than practitioners of medicine, and is one 
of which I have no personal knowledge. Those who are 
interested in this side of the subject may refer to such 
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lxx»ks as Prof. Hewlett's " Seniin Thfrapy,"' or the German 
work of Deut-soh anil IVi«»:ii.ai.t»!, ** h'w Impfstoffe und 
Sera." Ixjtli of which I L.ivt- consult*- J. I must also 
acknowledgt* my iiideritr«in»-»5 t''» Marx* ** Diagnostik, 
Serum therajn^' uinl PnnjihyLiw.' anil to Dieudonn^s 
" Immunitlit, Schutzimjifunir un-l Sr-iuintherapie." I have 
as far as pc«^sihle ijuoifil ijriu'injil authonties throughout 
for statt-ments on ^uhjfct> wliicli havr- uji jiassed beyond 
the sphere of controvei'sy. 

If I am accusf-d of settinic furtli iiiv conch is ions as to 
the value of the ditft^rent remedies with mure dogmatism 
than is justitialile in the present state «»f «.ur i:rnoranee, I 
must plead that for practical pnrj^oses dehnite assertions 
are necessar}-. I have endeavoured to ;:ivc dn»- weight to 
the difficulties and disapp<jintments met with in applying 
these preparations, as well as to the advantaije.s to )>e 
expected from the use of them. 

Finally, 1 have included the study of diairnosis, as well 
as that of treatment, by methods involvinij: the use of 
serums and toxines, since the connection between the 
subjects is so close that they can scarcely ]>e separated, 
depending as they do upon the same genei-al principles, 
and involving the action of bodies formed in response to 
almost identical stimuli. 

My very sincere thanks are due to my friend Dr. J. AV. 
Eyre, Lecturer on Bacteriology at Guy's Hospital, for his 
kindness in criticising the proof-sheets : without the 
confidence derived from his supervision I should scarcely 
have ventured to undertake the duties of a pilot amid 
the shifting and ill-charted shoals of recent bacterio- 
logical speculation and research. 

London, May, 1 904. W. C. B. 
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SERUMS, VACCINES, AND TOXINES 

IN 

TREATMENT AND DIAGNOSIS. 



CHAPTER I. 

HISTORICAL RETROSPECT. 

Evolution of Therapeutics.— It is evident that a 

scientific method of treatment for any disease can only 
exist when the exact nature of the morbid process — its 
causation and the alterations in the functions of the body 
which underlie its manifestations — is thoroughly understood. 
All therapeutic measures which are not founded on this 
basis are merely empirical. Even at the present day very 
many of our remedies come under the latter heading ; 
they are found by long experience to do good in certain 
conditions, but of their mode of action we are still entirely 
ignorant. Of this nature is the use of mercury in syphilis, 
a disease of which we do not know the cause. Equally 
empirical was the discovery of the value of quinine in 
malaria, although the parasite which produces the malady 
has now been identified, and we assume that quinine pre- 
vents its development. 

In the earliest condition of the healing art of which we 
have records almost all remedies were of this empirical 
nature. A scientific pathology was impossible until a 
rational physiology existed, as it is impossible to distinguish 
and describe with accuracy morbid disturbances of health, 
until we know for certain what is the normal course o£ 
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vital |)lM*iioiiifii.'i. Similarly, aocurato morbid anatomy was 
iiii)H>Khil)lo until th({ normal structure of the body was 
anrcrtjiiiKHl. Modern anatomy may {M*rhap3 l)e said to have 
IxM'ii founded l>y Vcsalius (If)!:^): modern physiology, as 
far as the coarher plnMiomena of life are concerned, may be 
Kfiid to own for its parent ilarvey, wlio discovered the 
rireulation of the blood in lG*2iS; but any knowledge of 
the liner vital actions was nt'eesj-arily impossible before 
the mil roseopo was brou^^ht to some decree cf perfection. 
('♦•liidar physioloiry and ct^Ilular pathology were the fruits 
of the fliHt Indf of th(^ nineteenth century. 

Sinee Kudolph Virchow set pathology on the firm basis 
of observed facts and rescued it from the mists of the 
humoral theories, advance; has been steady and sure. In no 
department, however, has such proj^ress been made in eluci- 
dating the proeesHes of disease as in the* sphere of infectious 
disorderH. Not only has it Ikmii definitely ascertained that 
these are due to the invasion of the body by minute living 
or^anismH ^(^lerally belon|^in<( to the ve<^'(?table kingdom, 
ooeaHJonally to the animal but the method hy which these 
parasit(^H produce their ({(Fects has l)een discovered, their 
toxinoK have b(»en j)rej)ared artificially, and the means by 
which the l>ody n^sists the invaders has been to some extent 
elu(;i(lat(;d. On the hasis of these discoveries a scientific 
Hystom of treatment of tlio diseases caused by i)arasitic 
organismH han lieon worked out, and in some instances 
actually introducecl into practice. Still fuitlier develop- 
ments of this mode of treatment are in prospect, and by 
proceodin;^ along those linos it seems legitimate to hope that 
in the course of time we may possess remedies which will 
stjriously reduce the mortality from infectious dis(jase, if we 
cannot actually abolish such conditions altogether. 

The method of treatment by serums has been i)ushed 
into regions far apart from its original field of action. 
Herums are offered which profess to 1x5 curative of a number 
of conditions not definitely infective. A serum treatment 
for the morphine habit has been suggested ; another serum 
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is supposed to cure hay-fever ; a third has been vaunted as 
a remedy for Graves' disease. Most of these are yet in the 
experimental stage, and no certain verdict as to their 
efficacy can as yet be given. In the following pages we 
shall endeavour, as far as possible, to sift the wheat from 
the chaff, and to ascertain to what extent the many serums 
announced as remedial are in reality of practical value. 
Since the method of treatment is still so comparatively 
new, many practitioners of medicine are not yet 
familiar with the details of the technique employed ; 
hence some consideration of the procedure generally 
adopted will also bs useful, along with criticism of the 
results obtained. 

The study of the serum of the blood has brought to 
light a peculiar effect (agglutination) which it produces in 
many diseases upon the micro-organisms which cause the 
condition. This reaction is useful in a number of cases for 
the purpose of diagnosis, and some account will therefore be 
given of this property ; for, although it is not actually a 
part of the treatment of disease, yet it is of great use in the 
practice of medicine, and is very closely allied to those 
other properties of serum by which resistance to disease is 
brought about. 

Earliest Knowledge of Immunity.— It has long 

been known that, in the case of many of the infectious 
diseases, persons who have suffered from one attack are to 
some extent protected from any recurrence of the malady. 
In the case of small -pox, which was one of the greatest 
scourges of the world in ancient and mediaeval times, use 
was made of this fact at a comparatively early date, as a 
means of conferring immunity on individuals against the 
disease. Inoculation from a mild case of small- pox was 
practised in the East long before it was introduced into 
Europe. From Turkey it was brought to England, about 
the year 1721, mainly by the instrumentality of Lady Mary 
Wortley Montagu, who had become acquainted with the 
method in Constantinople. Considering the almost awvN'^^'sa^. 
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|fn'val«-iirf; of tlir inahifly in th(>.s<f days, there can be little 
rioiiht that tliJH iiict)i<Hi of iiirx:ulation was on the wIk^ 
)n-u('i\r'm\f for it was thru rxc<'j)tional for anyone to go 
through life witliout .suffiTiiig from sinall-pox, and a face 
lint K#arn'<l hy pitting was a beauty in itself. But the 
]triiiiu'f* hnt\ ohvious dangers. Although the attack of the 
(ViKffiHf. j>ro*lncM'd hy inoculation was generally a mild one, 
th^'Hi wfiH no means of ensuring that such would be the 
ease. Sometimes a severe and even fatal attack was the 
result. Hence, when an e<jually certain and much safer 
method of preA-entirHi was intro<Juced, the practice of 
inocidaiion was made illegal. 

VfikOCination. -In the year 1796 Jenner performed his 
first/ vaccinatir>n, and shortly afterwards he announced his 
discovery t^» the world — the first and, tcj this day, the most 
successful attempt at artificial immunisation against any 
disease. ('fimmon observation had led to the discovery 
that milkmnifls and others who hml to do with cattle were 
liable U) (contract a mild disorder (cow-pox), communicated 
by handling the animals when th(!y were suffering from a 
peculiar v<?Binular eruption of the udders ; and that those 
who had been thus infc^cUnl w(?re in future protected to a 
grent oxt-<Mit against the incidence of small-pox. • Jenner 
invoHtigatwl the subject, and ascertained that the popular 
view was well founded. He considered that the milder 
diH(»aHe, vaccinia, was a comparatively harmless form of 
wmall-pox occurring in cattle ; and he held that, while the 
<1angers inherent in the actual inoculation of small-pox were 
avoided, the protection afforded was scarcely, if at all, 
inferior to that conferred by an attack of the human form 
of the mahirdy. Henco ho advised that human beings should 
be vaccinated, i.e. inoculated with cow-pox, in order to 
protect them against the more dangerous malady. 

Nature of Infection. — It was, of course, impossible 
t(j give any explanation of the exact mode in which an 
Individual who had suffered from <^^® attack of small-pox 
or othor infectious disease was P'^^cted against its 
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recurrence, so long as the true nature of infection was 
unknown. This knowledge has been the fruit of the modern 
science of Bacteriology. Before the actual discovery of 
these minute fungi (Bacteria) was made, it had been sug- 
gested that infectious diseases were spread by conveyance 
of living particles from one person to another. The proba- 
bility of such a " contagiurti vivum " rested on the fact that 
only an infinitesimal quantity of infectious material could 
in most cases pass from the sick person to the hitherto 
healthy one ; hence it seemed necessary that a multipli- 
cation of the infective matter must take place within the 
body of the latter. Such multiplication is the distin- 
guishing property of living matter as contrasted with 
ordinary poisons. 

Analogy with Fermentation.— The discovery by 

Pasteur of the cause of fermentation, which is produced by 
the yeast-plant (Sa^charomyces cerevisice), brought the 
question a step nearer to solution. The resemblance between 
an infective disease and the process of fermentation was seen 
to 1^ very close. Thus, the act of infection corresponds 
with the addition of yeast to a saccharine solution ; the 
incubation-period with the time which elapses before ferment- 
ative changes are seen in the liquid ; the onset of the 
disease with the rise of temperature and evolution of gas 
seen when the solution begins to ferment ; and the decline 
of the disease with the spontaneous cessation of the saccha- 
rolytic procesa When once Pasteur had identified the 
yeast-fungus as the cause of fermentation, the probability, 
suggested by Henle (1840), that vegetable organisms are 
the causal agents in infectious diseases was rendered still 
stronger ; and Trousseau definitely asserted that such would 
prove to be the case, before any pathogenic organisms were 
actually discovered. 

Bacteria. — The discovery of the first bacterium was 
made in 1850 by Davaine, who identified the bacillus of 
anthrax or splenic fever, and showed that the disease could 
be conveyed by its means (1863). At that time, however, 
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no iiK'Jins (»xist«Ml for otitaiiiiiit; puro cultures of micro- 
or<;aiiisiiis, and soiih" <1. uht i'on.stM)ii(>ntly ntmained as to 
tlif truth of havaiiir's nmrlusions. The discovery of thifl 
or<^aiiisin, and of the (lossihiiity of transmitting the disease 
hy inociihition with it, <)|K*n(Ml up a vast field of research, 
and show(Ml the way to ouv prrsfut knowledge of infective 
proccsse.-i. The sj>read of disi-ovt-ry in this direction was 
very rapid. The invention hy lv<Kh of solid media on 
which to «(row the or»^anisin.s, and the [>ossibilitj of thus 
obtaining pure cultures of the (litlerent kinds, put the 
new science; on a sure basis. Uiicteria have been identified 
as the causes of diphtheria, tetanus, ^hinders, tuberculosis, 
pncjunionia, enteric fever, Malta fever, septicaemia and 
suppurative; conditions, gonorrhcea, j)lague, relapsing fever, 
influenza, erysipelas, leprosy, actinomycosis, Ixjtulism, and 
cerebrospinal meningitis. Organisms have also been 
described which have some claims to be considered the 
excitants of dysentery and infantile diarrhcea, of rheumatic 
fever, whooping cough, yelhjw fever, scarlatina, syphilis, and 
rhinoscleroma. Fresh additions are being made almost 
daily to the number of vegetable organisms which are 
pathogenic to man or tlie lower animals. Microscopical 
animal parasites are recognised as the causes of the different 
forms of malaria, and other organisms belonging to the 
group are now said to l>e connected with small-pox, hydro- 
phobia, dengue, and yellow fever. Amojbie are i)robably 
responsible for one form of dysentery, and another protozoan 
parasite produces the disease called trypanosomiasis, and 
most probably causes African lethargy (sleei)ing sickness). 

Theories of their Pathogenic Action.— When the 

bacterial causation of infective diseases was firmly estab- 
lished, it was natural that various hypotheses should be put 
forward to account for the manner in which these minute 
fungi produce their pathogenic effects. The bacillus of 
anthrax, as it was one of the first to be discovered, was also 
one of the earliest to be studied in this connection. In an 
animal which had died of this malady immense numbers of 
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these comparatively large, rod-shaped organisms can be 
seen lying in the capillaries of most of the organs, appear- 
ing in places actually to block up the blood-channels. The 
suggestion was therefore made that a process analogous 
to embolism — a blocking of the smaller blood-vessels by 
the masses of organisms — was the cause of the morbid 
symptoms. This view could not, however, be maintained 
in the presence of the fact, recognised later, that in other 
infective conditions the bacteria are comparatively few and 
far between, no such masses being found as occur in 
anthrax. In certain diseases it is even the case that 
the organisms remain localised in some one spot, and do 
not enter the general blood-stream at all (diphtheria, 
tetanus). 

Another suggestion made was that the parasites seized 
on the nourishment circulating in the blood, which was 
necessary for the life of the tissue-cells, and that so they 
practically starved the body, and produced their injurious 
effects. This was obviously no more tenable than the 
former theory, for the same reason. 

Toxines. — Finally the true facts of the matter were 
discovered, viz. ^hat the micro-organisms secrete, as the 
products of their vital activity, certain poisonous sub- 
stances, which kill or injure the cells of their host and so 
produce disease. Much valuable work has been done 
towards elucidating the nature of these poisons or toxines ; ^ 
and a very long list of substances of various kinds could be 
drawn up, to which the actual toxic powers have been 
attributed. Brieger isolated poisonous alkaloids from 
decomposing meat, <fec., and considered that it was to this 
class of chemical substances that bacterial toxines belonged. 

^ In the followiDg pages the word "toxine" is used in its 
original sense, viz. a poisonous substance formed in the growth of 
bacteria or other parasitic micro-organisms. It has been proposed to 
limit the use of the term to those bodies formed by bacteria to which 
antitoxines (see p. 18) are produced in infected animals, but in the 
present state of our knowledge of the>e bodies this restriction seems 
scarcely feasible. The term ** antigen" has been coined by Marx to 
bear the latter meaning. 
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Sirlii(>y Martin and otlioi*8, working chiefly with the bacillus 
r)f (liplithcria, attrihutcfl :i prominent role to albumoses, 
Hml it is to tlii.s group of Kul)StHn(*<'s that snake- venom has 
Ummi aH8ign(*d. The tulM*reh'-bacilhi8 is said to form an 
acid HuhKtan(>(* whicli so acts upon tlie tissues as to produce 
tin* ];M;(!uIi}ir changt* known as caseation ; while in the case 
of yet otluM* hact^'ria tlio poisons produced by them liave 
iHHtn assigned to tlio mysterious class of substances known 
as f(»rment8, none of which has ever been isolated in pure 
condition, but wliich are known only by their action in 
bringing about chemical changes in other matter. To this 
class b(?long the digestive ferments, pepsin and tr3rp8in, and 
v(»ry similar bo<]ies are proba})ly formed by bacteria. Thus 
in th(j growth of the? anthrax-bacillus, albumoses and pep- 
tone are formed, just as in dig(^stion ; and the micrococci 
which give rise; to suppuraticm {Staphylomcri and Strepto- 
cocci) Cixavt a peptonising action on the surrounding tissues, 
killing and dissolving the cells, by which means the spread 
of an acut<i abscess is brought about. 

C(M*tain facts with regard to bacterial toxines point very 
strongly to their being of the nature of ferments. Thus 
wlum attempts are made to isolate them by means of 
clujmical reagents, precipitation, (fee, it is possible, indeed, 
to separate solid matters of a poisonous nature, but these 
substances, of whatever chemical composition, are never so 
powerfully toxic as the original solution of the poison, 
formed by the growth of the bacteria in the culture- 
medium. Something always seems to be lost in the process 
of separation ; instead of a more concentrated poison being 
obtained, only a weaker variety is produced. The actual 
toxine eludes capture and identification. When, however, 
we have said that toxines are of the nature of ferments, we 
have done little more than confess our ignorance, for of the 
constitution of ferments nothing certain is known. 

Preparation of Toxines. — The usual method adopted 

for the preparation of the toxine of any micro-organism is 
to grow the bacterium in a suitable fluid medium (broth) 
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under favourable circumstances, and then either to kill the 
actual germs by the addition of chloroform or some other 
volatile antiseptic, or, better, to strain them off by passing 
the fluid through a porcelain filter, by which means the 
poison is obtained free from the dead bodies of the bacteria. 
It may be easily understood that such a fluid is very com- 
plex in character, containing not only the poisons for which 
search is to be luade, but also much unaltered nutrient 
medium, along with by-products of the growth of germs — 
excretory, &c. — which are possibly harmless substances.. 
Further, it is not possible in the case of all organisms to 
obtain soluble toxines in ordinary nutrient media. Some 
bacteria refuse to part with their toxines under these 
circumstances, whereas the dead bodies of the germs them- 
selves may have a poisonous action if injected into animals 
(B. typhosus, <fec.). Such species are said to contain 
"intracellular toxines." It does not seem possible that 
under circumstances of disease these poisons can remain 
entirely within the bodies of the parasites, as it is necessary 
that they should be brought into contact with the cells 
forming the tissues of the host in order that their poisonous 
effects may be manifested. Hence it must be concluded 
that within living animals these toxines, like the extra- 
cellular variety, pass out of the bacteria into the surround- 
ing vital fluids, whereas in artificial culture-media they 
remain inside the organisms; in other words, the toxines 
are needed to enable the germs to carry on their war with 
the living tissues when they are parasitic, but are unnecessary 
when suitable food of a non-resistant nature is provided, 
and therefore under the latter conditions they are not 
formed in any abundance. It has, however, been suggested 
that the escape of the toxines from the body of the bacteria 
is effected by the destruction and disintegration of many of 
the germs by the tissues of the infected animal. To this 
it might be objected that infection must be produced by 
the entrance of a very small number of germs ; and it 
seems unlikely that any large amount of poison would Vk^ 
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forthcoming by destruction of individual bacteria, if 
sufficient germs are to be left to multiply and cause 
infection. 

Soluble toxines have been prepared in suitable media 
from the organisms of tetanus, diphtheria, and botulism, as 
well as from some less-distinctly pathogenic organisms, such 
as Proteus vulgaris, &c. In the case of Bacillus typhosus 
and B. tuberculosis poisonous substances can be prepared 
by triturating the bodies of the bacteria themselves and 
extracting the residue. 

It will be seen in the next chapter that the power of 
extracting the toxines of bacteria is of considerable import- 
ance as enabling us to prepare specific antidotes (anti- 
toxines) to counteract their effects. 
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CHAPTER II. 

RECOVERY AND IMMUNITY. 

Spontaneous Recovery. — When bacteria were thus 
definitely established as the causal agents in a number of 
infectious diseases, it was natural that speculation and 
enquiry should be directed to the explanation of the facts 
observed with regard to these diseases, on lines suggested 
by a study of the life-history and peculiarities of the 
organisms. One well-known phenomenon to be explained 
was the tendency of the majority of infective diseases to be 
self-limited — to run a definite course ending in recovery. 
Thus, acute pneumonia tends to end suddenly about the 
seventh day, and typhus on the fourteenth ; other infective 
diseases come to a natural termination gradually in an 
indefinite number of days or weeks (enteric fever, broncho- 
pneumonia, ifec). It was necessary to enquire how this 
tendency of infective diseases to die out spontaneously was 
explicable on the parasitic theory of their origin — why the 
micro-organism which caused the condition should not live 
indefinitely in a soil which at first showed itself so suitable 
for its growth and development. 

Exhaustion-Theory. — In 1880 Pasteur put forward 
the hypothesis that, just as a plant cannot live for more 
than a certain time in a given portion of soil, djdng as soon 
as it has exhausted the nourishment available in it, so 
bacteria use up all the existing material, of the special 
kind necessary for their growth, which is present in a given 
human or other animal body; when this point is reached, 
they necessarily die out spontaneously. This so-called 
" exhaustion- theory " was, however, soow aA:>vv.TAQ.\v$>«^., ^^ '^ 
was found possible to cultivate micxo-ox^^xvvsvcve* oxv 'OEv'^i 
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juices derived from an animal which had just recovei-ed 
from th<; very disease which was due to their acti\'ity, and 
in which, therefore, all available nourishment for them 
should theoretically have been exhausted. It was evident 
that, as a matter of fact, plenty of suitable food was 
still left. 

Retention-Theory. — A second theory was propounded 
by (Jhauveau, who pointed out that the excretory products 
of living organisms are generally poisonous to the organisms 
themselves, just as carbonic acid is poisonous to man and 
the higher animals, if respired. Chauveau therefore sug- 
gested that a large quantity of the excretory products of 
the V>acteria gradually accumulated in the body of the host 
— the diseased animal — and that, when this amount reached 
a certain point, further bacterial life and development were 
arrested, and the disease came to a spontaneous end. There 
is probably a large amount of truth in this "retention- 
theory," as applied to the life of bacteria in non-living 
media. The life of the yeast-plant (Saccharomyces cerevisice), 
which gives rise to fermentation, is arrested by the presence 
of more tlian a certain percentage of the alcohol which is 
formed by its activity, although there may be plenty of 
nutrient material still left, on which it can continue to 
thrive if the alcohol be removed. But in living animals 
the excretory products of the bacteria are rapidly passed 
out of the system of the host, so that no such accumulation 
takes place as is found in artificial cultures or a fermenting- 
vat. 

Varieties of Immunity. — After the failure of these 
two chemical theories to explain the spontaneous cessation 
of bacterial activity which takes place in recovery from 
infective diseases, attention was turned to the possibility of 
the existence of some vital reaction on the part of the 
animal attacked, whereby it was enabled to resist the 
invading parasites. There were also other facts to be 
explained. Thus it was known that bacteria of certain 
fnecies could Nourish in the bodies of particxxW «cmmvN\^, 
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but not in those of other kinds, sometimes not even in 
species nearly allied to the susceptible races. The animals . 
which are not liable to suffer from a given organism are 
said to be "immune" to it. A few examples may be 
quoted. White rats, adult dogs, many kinds of birds, and 
frogs are naturally immune to the bacillus of anthrax, 
which is very fatal to cattle, common rats, field-mice, and 
man. Algerian sheep resist the organism, whereas other 
breeds of sheep readily succumb. Dogs are practically 
immune to tuberculosis, while guinea-pigs are killed by the 
most minute dose of the bacillus. Rats and mice are not 
susceptible to diphtheria. In none of these cases, however, 
is the immunity absolute. By altering the circumstances 
of the animal it is generally possible to render it susceptible 
to the disease. Thus, by keeping frogs at a raised tem- 
perature, it is possible to infect them with anthrax, and by 
overtiring animals by excessive work they may be made 
susceptible to infection with organisms to which they other- 
wise possess almost complete immunity. 

Racial and Individual Immunity.— It is not only 

in different species of animals that varying powers of resist- 
ance to particular organisms may be found. It is well 
known that different races of mankind possess very varying 
powers of resistance to diseases. Thus measles, which is 
a mild disorder among Europeans, took the form of a 
disastrously - fatal epidemic when introduced among the 
Sandwich Islanders, and killed enormous numbers of these 
natives. Negroes are little subject to yellow fever and 
malaria, while to small-pox they are very susceptible. 
Further, different individuals of the same race possess 
varying degrees of resistance. Many persons never suffer 
from scarlet fever, though they may be constantly brought 
into contact with the disease ; others equally resist influenza 
when it is epidemic all around them, whereas less fortunate 
individuals may suffer from it year after year. As in the 
case of the immunity peculiar to certain s»^^cvfe^ ol ^\>^xs^'aSs»^ 
this personal immunity may be \oat oV\xv^ ^Q X^vsi.^ort'^x:^ 
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cnii(liti(»i)s of lifaltli, .'IS for iiistaiict' fatiguo or depression. 
Tims till" r.i-M' is «iuot»Hl of two incflical students who for a 
span' of two months n».;ularly visited wards containing 
patit'iits MiHtTiiii^ fnmi srarh't fever, but did not contract 
tho (lisj'a*-*'. <>;n' <lay tlivv visited the hospital when thej 
wen' ovt»r tin'<l with sfvcn* «*x<*rcise, and had been fasting for 
tivt' hours. Tln'ir rrsistauc*' was lowered by these circum- 
staiircs, aii<l hoth of tlieiii sutlered from scarlet fever, one 
actually <lvin;' from tlir (list*as<'.i 

Acquired Immunity. — We thus see that immunity 
may l»o peculiar to species, races, or individuals, and that 
it may be nnHlilicil by spi^cial circumstances. Allusion has 
already been made (pai^'e 3) to the form of protection 
confern'd by an attack of an infc^ctive disease, viz. that in 
the case of many maladies a person is not attacked twice 
by the same disonler. This is not the case, indeed, in all 
inflictive diseases, for there are some in which no immunity 
is conferred, or in which th(»ro may even seem to be 
produccul a special proclivity to future attacks rare in 
conn)laint. Thus, whereas second attacks are rare in 
small-pox, measles, scarlet fever, typhus, mumps, &c., in 
the case of erysipelas an increased liability to the disease 
seems to be brought about, and the same is perhaps true 
of pneumonia and influenza. Diphtheria, tagain, does not 
seem to protect against subsequent attacks, nor does septi- 
caemia ; while recent experience in South Africa has proved 
that second attacks of enteric fever are by no means rare. 
There is, however, reason to suppose that even in the 
latter group of diseases some temporary immunity is 
produced V)y an attack, so that the convalescent is not 
liable to become infected again within a certain number of 
weeks or months ; but the duration of this protection is 
£0 short that it is easily overlooked. 

Nature of Recovery from Disease.— It is evident 

that it* a disease is due to the action of parasitic organisms, 

1 Green's 'M'alhology and Morbid A"^^°^>V' 9th Edition; 
YA. by H. JMontaguo Murray ; p, 286. 



RESISTANCE TO DISEASE. 15 

it cannot be said to be cured till all of these are destroyed 
or driven out of the body. A certain number of the germs 
are pa^.sed out of the system in the urine, and a larger 
number in some diseases by means of other discharges, as 
in the expectoration in phthisis, or in the discharges from 
an ulcerated surface. These methods of elimination, how- 
ever, only account for a very small proportion of all the 
bacteria present in any disease. The greater number are 
in some way destroyed within the body, and they may be 
seen sometimes undergoing a process of degeneration, 
becoming granular, and finally breaking up and vanishing. 
It is easy to see an analogy here to the process of digestion, 
and we have to enquire how the destruction of the organisms 
is brought about. 

If we study the phenomena taking place at the site of 
a focus of local infection, we see the different stages of 
what is known as " inflammation.*' Around the spot at 
which the organisms have established themselves there 
takes place first a dilatation of the blood-vessels, leading to 
an increase in the amount of blood flowing through the 
part. This is followed by the escape of a quantity of 
blood-serum into the interstices of the tissues, and soon 
afterwards by the active migration of leucocytes through 
the walls of the vessels towards the neighbourhood of the 
invaders. These leucocytes seem to constitute a defensive 
force, which has come out to do battle with the microbes. 
The bacteria, if they are virulent (poisonous), cause a 
destruction of some of the cells of the body at the point 
where they settle, and they also succeed in killing many of 
the first leucocytes which come to attack them. The 
destroyed tissue may remain entire, constituting a slough, 
or it may be dissolved and practically disappear. The mass 
of dead leucocytes lying in the cavity formed by the de- 
struction of the tissue forms what is known as an " abscess." 

If the bacteria are too strong for the tissues, they 
continue to increase and multiply ; more and more tissue 
is destroyed, and increasing nuiftber^ of leucocytes gather 
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to tlic s{Mjt :iih1 an* kilhti. Tliis constitutes the spreading 
of tin* jibsccss. It may ^o on till a surface is reached, and 
th<; (lead li*inocyt<'s (pus) and the bacteria are together 
(liscliar^'CMl from tin* IkxIv. 

If, liowcvcr, the ])acteria are not sutiiciently virulent to 
he a}>le to establish thems(»lves firmly in the tissues, we see 
that th(; first phenomena of inflammation are followed by 
the (J(?g<*neration and disintegration of the germ& Only a 
few leucocytes may exude from the vessels to combat them, 
and these may be successful in their task. They are not 
kill(Ki in the attempt, iind no mass of dead cells is therefore 
formed ; in other words, no suppuration occurs. The red- 
ness and swelling characteristic of inflammation quickly 
disappear, and the morbid process is at an end. 

In cases of general infection it is not so easy to observe 
what goes on as it is in such a local infection as has just 
lieen described. Th(i bacteria, instead of remaining in one 
place, get into the general circulation, and there multiply. 
There is, however, in many cases the same development of 
a defensive force of leucocytes, which in this case results 
in an increase of the white corpuscles found in the circulat- 
ing blood. This is known as *' leucocytosis." This is well 
marked in some diseases, as in acute pneumonia or septi- 
caimia : in others, as in enteric fever, it does not occur. 
In the latter class of cases some other protective measure 
must take the place of the leucocytes. 

In most infective diseases, even in those which give rise 
to only a localised focus of disease, the temperature of the 
body rises considerably, constituting a condition of " fever." 
It is probable that this rise of temperature is in many 
cases of a protective nature, as we know that most kinds of 
pathogenic bacteria gi'ow best at the ordinary temperature 
of the healthy body (98-4° F. or about 37" C). In fever 
the heat of their surroundings may rise to 104° or 105"^ F., 
at which point the vital activities of some forms of bacteria 
are much retarded ; hence it is possible that the febrile 
reaction is of a defensive nature. 
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All these phenomena of immunity to, and recovery from, 
infective diseases have to be explained on any theory that 
claims to explain the method of its production. 

Phagocytosis. — The first theory of resistance to disease 
on lines of vital action, if it may be so called, was that of 
Metchnikoff, who studied the behaviour of the white blood- 
corpuscles (leucocytes) in many of the lower animals, and 
attributed the destruction of bacteria in the body to the 
activity of these cells. This was the well-known theory of 
'^ phagocytosis^^ (^aycli/, to eat; kvtoq, a cell). According to 
Metchnikoff, the leucocytes attack and devour any invad- 
ing organisms which they may meet, and thus rid the body 
of these parasites, just as they may be seen to take into 
their substance particles of any foreign matter which comes 
in their way. When they have swallowed and thus 
destroyed all the bacteria which have gained a footing in 
the body, the disease necessarily comes to an end. 

The careful and minute study carried out by the French 
observer cannot be too much admired, and there can be no 
doubt that it contains a large proportion of truth. Thus, 
the assemblage of leucocytes which takes place at any focus 
of irritation is almost certainly protective in character ; and 
it has been shown by Kanthack and others that the 
granules contained in the protoplasm of the leucocytes 
consist of substances which tend to combat the bacteria and 
stop their growth. But in man, at all events, this phagocytic 
action is not the most important factor in the struggle 
with the invading germs. Leucocytes, by means of their 
power of swallowing foreign bodies, may play a subordinate 
rdle, carrying away the products of inflammation (broken- 
down cells, ike), and at times they may actually engulf the 
germs themselves. Indeed, in this latter case it is possible 
that they may not unfrequently do actual harm instead of 
good, as they may thus carry living bacteria into the tissues, 
and spread, instead of preventing, the disease. On the 
whole, they may be said to act while alive rather as 
scavengers than as a defensive garrison in the human 
c 
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economy. Tlic part which the Kubstances contained withi 
them play in producing innnunity will be referred to agai 

later on. 

Humoral Theory. — The alternative theory, brough 

forward by the opjH)n(»nts of the phagocytic hypothesis, ha 
now established itself firmly as the true explanation of tb 
phenomena of immunity and resistance. It is known ai 
the " humoral theory." According to this the fluids of th< 
body, and not the cellular elements, constitute the important 
factor in opposing the invasion of bacteria. Early experi- 
ments showed that the serum of the blood, even when al] 
formed elements such as the corpuscles had been removed, 
still exerted in many instances an inhibitory action on the 
growth of micro-organisms (Nuttall, Biichner.) There must, 
therefore, l>e present in the plasma some substance of a 
protective nature upon which immunity depends. To these 
hypothetical substances Biichner gave the name "alexinea** 
It is by means of such alexines, as will shortly be shown, 
that destruction of bacteria is brought about ; and it is 
by other chemical substances circulating in the blood that 
the poisonous products of the organisms are neutralised. 

AntitOXineS. — In the controversies, thus briefly 
sketched, between the upholders of the phagocytic and of 
the humoral theories re8j)ectively, attention was directed 
entirely to the resistance of the body against the bacteria 
and to the fate of these latter in the body. As, however, 
the importance of the toxines formed by the germs became 
thoroughly appreciated, it was natural that the question 
should be studied from the chemical, as well as from the 
biological point of view. Research on these chemical lines 
has proved increasingly fruitful, both from its purely 
scientific interest and from its practical importance. 

In the year 1890 Behring and Kitasato published 
the result of their important researches on the poison 
of tetanus and the possibility of rendering animals immune 
to it. Their investigations laid *^® foundations of our 
present knowledge of immunity and ^^^^^ptibility. These 
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observers proved that it was possible by injecting animals 
first with infinitesimal quantities, later with increasing 
doses, of the toxines of tetanus to render them immune to 
the disease. The animals thus treated were able to support 
with impunity doses of the tetanus-poison many times as 
great as would suflSce to kill an ordinary non-immunised 
animal of the same species. If the serum of an immunised 
animal were mixed with an equivalent amount of the 
poison and injected into a non-immune animal, no ill effects 
were produced, while the injection of the immune serum 
itself into a non-immunised animal rendered the latter also 
resistant to the toxine. If a dose of immune serum was 
administered within a short period of time to an animal 
previously inoculated with the tetanus-bacillus, the disease 
did not develop. 

The same observers, and also Wernicke, shortly .after- 
wards showed that similar possibilities existed with regard 
to the bacillus of diphtheria — that by treating animals with 
the toxines of this organism a serum could be obtained 
which was capable of neutralising the poison, and which 
also possessed a curative effect on the disease. To the 
unknown substance in the serum which had the property of 
neutralising the toxine they gave the name of **antitoxine." 
The antitoxic bodies formed in the two cases were not the 
same ; the tetanus-antitoxine did not act as an antidote to 
the poison of diphtheria, nor vice versd. Each serum was 
"specific," neutralising only the poison of the corresponding 
disease; and this peculiarity has been found to exist in all 
subsequently-prepared antitoxines. 

In the light of these discoveries as to the reaction oi 
living animals to bacterial toxines, attention was turned to 
the effects produced by other organic poisons, and it was 
found that it was possible to immunise animals to the 
vegetable poisons, abrin (from jequirity), ricin (castor oil), 
and crotin (croton oil), which are probably of complex 
proteid nature, and resemble ferments in their action. In 
the case of each of these substances it was possible to obtain 
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a sjM'cific antitoxic serum, pnitocting only against its appro- 
priatt; toxino.^ Similarly, in tlie case of snake-venom an 
antitoxic Hcrum was j)rcj)ar(Hl, of which use has been made 
tlicra}K'utically with some (l(»grec of success. 

Antibacterial Seram.- It may here be pointed out 
tliat in order to prepare an antitoxic serum it is necessary 
to oijtain the toxine of the bacterium in question for 
the purpose of injection into animals. In the case of 
diphtheria and tetanus tliis was easily done. In the case 
of many other organisms, as previously mentioned, the 
poison is not secreted into culture-media, hut remains in 
the; bodies of the })acteria themselves. If the actual germs 
are injected into animals, beginning with minute doses of 
attenuated cultures and gradually increasing until large 
quantities of virulent bacteria can be tolerated, in most 
cases a serum is produced which is not antitoxic in the 
sense of neutralising the poisons of the micro-organism, but 
which destroys the bacteria themselves when they are sub- 
mitted to its action. Such a serum is said to be " anti- 
bacterial" or "bactericidal," instead of antitoxic. Thus, 
if an animal is injected with cholera-vibrios until it is very 
resistant to these germs, and then a little of its blood-serum 
is added to i. culture of these organisms, the latter are found 
to undergo degeneration, and finally to be completely dis- 
integrated ; but no quantity of this serum will neutralise a 
lethal-dose of the poison of the cholera-germ. On the other 
hand, an antitoxic serum has no effect in preventing the 
growth of the appropriate organism ; for instance, diph- 
therial antitoxine is a very favourable culture-medium for 
the Klebs-Loeffler bacillus. The process of destruction of 
bacteria by an antibacterial serum is called "bacteriolysis," 
and the property resides not only in the blood-serum, but also 
in other vital fluids, such as the peritoneal exudate. It is 

^ In the case of ricin and the allied vegetable suhstances, feeding 
animals on small, but gradually increasing, doses will produce im- 
munity ; but this is not the case with bacterial toxines, which are 
destroyed by digestion. 
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evident that some special substance is produced in tlie 
baclies of the immunised anintfils wUich acts as a solvent of 
the bacterial protoplasm. 

Hsemolysis. — Further research showed that it is not 
only bacteria whiclj, liy injection into living iwimals, give 




rise to the production of substances destructive to them- 
selves. In 1891 Bordet, to whom much of our knowledge 
of the phenomena of bacteriolysis is due, discovered that, 

' This and the following fiKiires arc founded on diugmms used by 
Dr. F. W. Mott., P.R.S., to illuetrato hia Lectures on Pathology at 
Charing Cross Hospital. 
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if the blood of one species of animal were injected into au 
individual of another kind, the serum of the latter developed 
the property of dissoIviDg tlic corpuscles of animals of the 
former species. Thus, if the blood of a fowl is injected into 
a rabbit, the serum of the rabbit gains the jHiwcr of dis- 




Fig. 2.— Effect of he»t on hffimoljtu 



n (destruction of aleiine). 



Bolvin" the corpuscles of fowl's blood when added to it in a 
test-tube. This phenomenon is called " hwmolysia," and 
the hajmolytic power is exactly analogous to the bacterio- 
lytic property in the cases previously alluded to. 

Two Distinct Substances Necessary.— Now, if the 

htemolytic serum of the rabbit in this experiment is heated, 
it is found to have lost its solvent power ; but if a little 
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seiMiin from a normal rabbit is added to the heated serum, 

the property of dissolving the fowl's corpuscles returns to it. 

The same occurs in the case of bacteriolytic serum. 

Thus Keiffer showed that in the peritoneal cavity of an 





Fig. 2a. — Addition ot alexins from normal 



iminuniaed guinea-pig cholera-vibrios undei^o a process of 
destruction, and that the same occurs in a test-tube con- 
taining serum derived from such an animal. If this serum 
is heated it loses its potency. If, however, a little of this 
heated serum is injected along with cholera-germs into the 
peritoneal cavity of a non-immune guinea-pig, solution takes 
place, the peritoneal fluid of the normal guinea-pig supplying 
the substance which was destroyed by the heat. 
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fixed to the corpuscles in some way, so that these are now 
" sensitive " to the action of tlie alexine contained in normal 
serum. For this reason the copula is sometimes called the 
" sensibiliser " or " preparator " {substance sensibilitrice ; 
prSparatrice), Use is made of corpuscles— or of bacteria, 
for the same occurs in their case also — thus sensitised, for 
the purpose of experiments, to which allusion will be made 
on a subsequent page (see p. 41). 

The serum of some animals is found to be actively 
destructive of that of other species, without any preliminary 
treatment by injection of blood. Thus the serum of the eel 
produces rapid haemolysis if injected into mammalian 
animals, and is thus highly poisonous in its action. It is 
probable that in this case the intermediary body or copula 
necessary for the action upon blood-corpuscles of a ferment 
already existing in the blood, is supplied by the serum of 
the eel. In other cases minor degrees of the same toxicity 
may be observed, the serum of many animals exerting, 
without preliminary treatment, a hsemolytic action on the 
corpuscles of other species. 

In some diseases hsemolytic substances may develop in 
human blood, capable of acting on the blood of another 
human individual (isolysins). The possibility of the exist- 
ence of such substances in states characterised by great 
anaemia — the patient thus destroying his own blood - 
corpuscles — opens up an interesting field of speculation; 
but there is as yet no definite evidence of the existence of 
such substances (autolysins). 

Oytolysis. — It is found that similar " anti-bodies " are 
produced by the injection, not only of bacteria and blood- 
corpuscles, but of many other kinds of cells, as, for instance, 
spermatozoa, nerve-cells, leucocytes, liver-cells, epithelial 
cells, &c. Serum from an animal thus injected with sper- 
matozoa derived from another species is capable of causing 
the destruction of the spermatozoa existing within the living 
body of an individual of the latter species (cytolysis\ T\\fc 
question of the possibility of prepaxm^ ^ ^^twkv ^\^s2^ 
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sill 111 !• I Ih' i-:i|i:ili|c lit ili'htroyiiij^ the cells of a tumour, e.*j. 
;l itiM-i-r. witlioiit .itri'itiiii; tlir iioriiial epithelium, oiiens up 
an iiii«'i-i'^iiiii; tii'M iif s|H'«.-iilati«>n (kco |k. 2\J'2), 

Precipitins. Vtrv dosi-ly allied to this formation of 
•• ♦•yiiily.-iiii>.' «»r >ii)»>»l.ini-es which an* capable of dissoh'ing 
( «•!!<, ixi tli«* u|>|>car:iiii'«' i)f materials which act in a peculiar 
way Mil i)ii> Mi»lultli> alliuininouH Rul>stance8 contained in 
srnnii {{"fU. Tlii's*' an- «alliril '* precipitins," and are formed 
wild I till' MTU III cif OIK' kiiul of animal i» injected into the 
iMidy iti aiiotlit'i- s]M>(.ics.' Thus, if the serum of, say, a 
horse i^ iiijrclrd into a .iJ[oat, the »erum of the latter acquires 
the propiM'ty <it forming a jirccipitate with normal horse's 
snuMi. It has lu't^ii su<;^'este(l that use might be made of 
ill is fact to constitute a test for dill'erent kinds of blood. 
Tin* ]M)ss(.'ssion of such a test for human blood would be of 
consi(lcral>]c iiHMlico-lcgal value. But unfortunately this 
particular ti*st is not so absolutely specific as might be 
wished, as the serum of the injected animal is found to give 
a precipitate not only with the serum of the exact species 
of animal used to inj(^ct it, but also with the blood of allied 
kinds (f'.f/. apes and man). 

Some authorities^ deny that even this limited degree of 
specificity exists, finding that a precipitating substance, 
formed by injecting human blood into an animal — which 
therefore shouW act solely on human or anthropoid blood- — 
will react also with that of oxen, horses, sheep, pigs, iSsc. 
The most pronounced action, is, however, on human blood, 
and acconling to these authors error may l>e avoided by 
diluting the serum. Thus a precipitating serum diluted to 
1 in 1000 will react only with the blood of the animal with 

' The scrum of animals treated by injection of thu blood of another 
species |K)ssui<se8 in addition to its destructive action a power of 
agglutinating the blood- corpuscles of the latter, i.e. causing thum to 
adhere tf)gethor. This property is not lost on heating the scrum 
to 55^ 0. II. !&Iarx and Ehmrooth find that human corpuscles arc 
ag>rlutinatcd by thu serum of any other animal, and suggest the use 
of this propei-ty as a medico-legal tost (Miinch. tned. V'ocfi,, Feb. 10, 
190 J, p. 21)3). 

'-^ Linessier and Jjcmoinc, Gaz, df8 Uop.^ March 27, 1902. 
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wliich it was prepared. It is possible, therefore, that with 
tliis raodiKcation the t«st may still prove to possess a field 
of usefulness.! The age of the blood used — stains on linen, 
&c. — does not affect the reaction. 

Agglutinins. — Finally we have to mention another 
peculiar reaction produced by the serum of animals which 
have suffered from a disease or been inoculated with a 
micro-oi^nism. When such a aeruni is added to a culture of 
the specific bacteria of the disease it causes them to stick 
together in. clumps or masses, instead of floating separately 





in the culture-fluid (Fig. 3). The best- known instance 
of this is the reaction produced by the serum of a patient 
suffering, or who has recovered, from enteric fever, when 
added to a culture of the Bacillus typhosus. It is found that 
if we take a young and vigorous culture of typhoid bacilli 
in broth, and add to it a small quantity of the serum of a 
patient with enteric fever, the bacilli almost immediately 
cease their normal active movement, and soon become 
collected together into clumps. The unknown bodies on 
which this reaction depends are called "agglutinins." The 
discovery of this phenomenon is due to Gruber and Durham, 

' A full account of the litcmturo 'bearing upon thia quoation is 
givon by Lnj-fon, Amtrieaii Medicine, Jimo B. IBOJ, p. 913. C<raJ.-^-ti 
Uie work of Poasclt nnd Bagassor on " AggluUmnn"'' (,-^.1%"). 
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aii'l i-\) • I itii'-iits \vi*rt* mad** witli n*;^ircl t4» its clinic 

I iJi:li'ii- I'V ( ii liiiiiaiiiii : luit Wi<l.-il first puhlished h. 

ii -tiii-*. -1j«i\v iii-^' tli»* |H.i«.>ililr us<» <»f tht* phenomenon fts . 
t.-t tm- til." i\i-t«ii.i- uf fiit«Tic fever, and tJie reaction it 
L'«i.« Lilly a-«»-Mi:it' «l Nvitli \i'\^ nainr. 

N.ii oiiiy :ir.' ty|.lioi<l luifilli a<;;^lutinate<l l>j their 
a|.jiii»|niat»- -.♦■rnrii, lull ilu* >.-iiiu» occurs with otljer organ- 
ism ^. -u«li :is ili«- Mi«n»c<MM'us in<*litensis of Malta fe\'er, 
tli»' l.aiillu-N •»! ^IvMiiiiTV (Sliijra), streptococci, tuljercle 
liarllli. «vf. 'rii«' i-cactiMii luis U^en used as a means of 
»la->it\ iui; )»a«t«ria iiit») tlistinrt j^t'ncra by Zupnik,* who 
^.liow-* iliat all th»* nruani^iiis of a particular group are 
<-liiiii]»iil l»y tlic "^tiuiM (Irrivcil fi*oiii an animal inoculated 
s\ itli any <nn' nl' tlnni. Tims all tlu' acid-resistin<^ -group of 
batilii arc aL'L'lntiiiatnl by srnim prrpaivd l)y injection of B. 
lulicnulosis. The valuf of this dassitication has yet to be 
(h'tcniiiiifd. 

It was at first thmiirlit that tlu* property of agglutinating 
l)act«ria was a "sprcitic ' our, /.^. that serum would only 
clump the jjarticular kind of or^^anisni which had been 
injected into the animal, or which had cause<l disease in the 
patient. This apiK'ars to Ix' oidy «,'onerally true. On the 
one hand, it is f()un<l that a certain degree of agglutinating 
|>ower towards many din'ei(;nt kinds of bacteria may exist 
in normal blood, so that inoculation or disease only increases 
an already-existing property; on the other hand, it appears 
that in some cases, at all events, treatment with a particular 
organism may increase the agglutinating power as affecting 
oth(;r vari(;ties of germs. Thus, in a case quoted by Posselt 
and Sagasser, it was-"* found that the serum of a rabbit 
Ixjfore treatment possessed an agglutinating power against 
typhoid bacilli in a dilution of 1 : 10; against colon-bacilli, 
1:8; against chol(;ra-vibrios, 1:10; and against Shiga's 

I I)eut. Arch. f. klin. Med, (FostKchr. Horrn Ilofr., Dr. Alfred 
I'ribram), Hand 70 (p. 2i)0). 

'^ 'J'hoHo bacilli which retain Btaining with an aniline dyn wlion 
reat(Ml with diliite'inincral acidH. 

3 U'ivu. klvi. ff'och., 1903, Juno 11 ; No. 24, p. 091. 



PHENOMENA OF AGGLUTINATION. 29 

bacilli (dysentery), 1 : 5. After inoculation with colon- 
bacilli, the figures rose to: — B. typhosus, 1 : 150; B. coli, 
1 : 650 ; V. cholerse, 1 : 50 ; and B. dysenteriae, 1 : 80. 
Thus treatment with one organism may apparently increase 
the agglutinating power against a number of others, and 
hence the property cannot be looked on as quite specific. 
It is noticeable, however, that the clumping power towards 
the bacilli injected rose much more rapidly and to a vastly 
higher point than that towards other organisms. 

That the agglutinating power depends on a definite 
substance present in the serum is shown by the fact that it 
is possible to exhaust the agglutinin in a specimen of serum 
by adding a sufficient amount of the bacteria on which it acts. 
Thus if we continually add fresh cultures of typhoid bacilli 
to the serum derived from a patient suffering from enteric 
fever, there at length comes a time when no further 
aggregation of the organisms takes place. But such a 
specimen of serum may still agglutinate other organisms, 
as, for instance, B. dysenterise. This proves that different 
substances serve as agglutinins for different species of 
organisms. 

The agglutinins are in all probability not the same as 
the antibacterial bodies by which immunity is brought 
about, but in the majority of cases they seem to be developed 
in the serum pari passu with the latter. It has been 
suggested that the agglutinating power might be made use 
of as a criterion of the strength of an immune serum. 
Koch considers that in tuberculosis the agglutinative power 
possessed by the serum is an index of the patient's power of 
resistance. ' It is held by Ruffer and Crendiropoulo ^ that 
the agglutinating substances are formed by the leucocytes, 
especially the multinuclear variety generally associated with 
inflammation. 

Nature of the Agglutinative Process.— The exact 

method by which the agglutination of bacteria by their 
^Brit. Med. Journ., April 5, \^Q^1,^. ^'I\. 
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a|>|)n>priHti> s<>n]iii is bnuif^ht afx>ut is not understood. It 
liiLs Im'imi sui;i;f.st<><l thiit it in owing to some alteration of 
th«'ir covrrini; iiicii)l)rnii(% w» that they am rendered liaUe 
to 1m> wetted 1»y tlir thiid in which thej are floating 
(I)ff;ilh' '). Iioilit»s will 'h an* wotted by a liquid in which 
they art' Kus]HMi<Ie<I tciul to ailhere to one another, while 
tliosr whicli art' not so wottinl t«»n«l to repel ec&ch other. 

A iiiorc ])n>l):iMr explanation is that some proteid suh- 
stance is j»n'rij»itat<'<l l>y the action of the serum and binds 
the liacteiia to;;ethcr in its meshes. It is noteworthy that 
in oM cultun>.s of typhoid hacilli an agj|(1utinative substance 
jiasses out into the cultiin^fluid, so that the addition of a 
portion of sucli fluid freed from organisms confers on a 
normal wrum the pi)w<T of agglutinating the bacilli. The 
relatic»n l)etwe(Mi precipitins and agglutinins is probably 
very cIohj'. 

Ft would appear that two sc])arate Ixxiies take part in 
tin* process of agglutination, analogous to the two required 
for bacteriolysis, luiMnolysis, itc. Thus Bail^ finds that 
tho serum of a patient sutl'eritig from enteric fever loses its 
agglutinativ(» ])ower if heated to TO'* C, but that if the 
hacilli (I J. typhosus) are k(»pt for scmie time in this heated 
serum the jwidition of normal serum will cause them to be 
clump<ul 

There is some (evidence that although agglutination and 
bacteriolysis are separate processes, yet bacilli are rendered 
less virulent by agglutination. Besredke ^ found this to be 
the case with typhoid bacilli, animals being able to withstand 
larger doses of the clumped organisms than of the normal 
variety. Bright and Temple *^ agree that the bacilli are 
maimed, but not killed, by agglutination. 

There is some conflict of opinion as to whether the 
agglutinative power can be transmitted from mother to 



^ yimi. de VLint. Pasteur, 1902, p. 595. 

2 Prager mcd. ff'och., 1901, Noh. 32 and 33. 

3 Ann. de VImt. Pasteur, 1901, p. 207. 

4 Urii. Med, Journ., 1897, I., p. 206. 
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offspring. Remlinger ^ considers that the mother transmits 
some passive immunity and some agglutinative power to her 
offspring ; the father, as might be expected, none of either. 
Agglutinative power is certainly not always thus inherited 
by the human offspring. Courmont and Cade ^ found that 
it was transmitted by the milk of a wet-nurse to the infant 
she was suckling : others deny this possibility.^ Pre- 
cipitins are acquired by the foetus from the mother, and 
antitoxines are similarly handed on.* In all these cases 
the properties are merely " passive," and are soon lost by 
the offspring. 

We have thus seen that the serum of an "immunised " 
animal may contain not only antitoxic substances capable 
of neutralising the poisons of bacteria, and antibacterial 
bodies (alexine and copula) fitted to destroy the organisms, 
but also substances which agglutinate bacilli or corpuscles 
(p. 26, note), others which destroy living cells (cytolysins), 
and others still which cause a precipitate with the albumens 
of the serum of other species (precipitins). 

It would unduly complicate matters to consider here the 
further developments which have been made in the study 
of the formation of anti-bodies, such as the possibility of 
producing anti-cytolysins by injecting small quantities of 
cytolytic serum into animals, or the discovery made by 
Ainley Walker that by adding to the culture-fluid in which 
a bacterium grows small quantities of its appropriate 
bacteriolytic serum, it is possible to immunise the germ 
itself to some extent against this, thereby rendering it more 
virulent. 

Welsh has suggested that in cases of infection a con- 
flict may be supposed to occur between a bacterium and the 
body-cells, each side replying to the destructive substances 
brought against it by its opponent, with anti-bodies capable 

1 Ann. de VInst. Pasteur, 1899, p. 129. 

2 Compt. Rend, de la Soe. de Biol.^ Nov. 25, 1899. 

3 Miinch. med. Woch., May 2, 1889. 

* For literature, see Merkcl, Miinch. med. Woch., Feb. 23 ., V^<Jk^., 
p. 329. 
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of neutralising them — toxine being met by antitoxine, 
bacteriolysin by antibacteriolysin, and so on. Enough 
has been said, at any rate, to show the immense complexity 
of the serum, and the capacity possessed by animal bodies 
of protecting themselves in many ways against* injurious 
influences. 

Ehrlich's Theory of Immunity. — Having thus 

briefly sketched the peculiar properties which are conferred 
on the blood-serum by treatment with bacteria and other 
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bodies, it remains to consider the theory of the production 
of' immunity and allied phenomena which at present holds 
the field. This is due to Ehrlich, and is known as his 
" side-chain " hypothesis. The name is taken from organic 
chemistry, in which complex molecules have the property 
of picking up, and combining with, other atom-growths. 
Thus in the example given in Fig. 4 we see that a benzene 
nucleus has joined to itself three NOg groups and one OH 
group, becoming trinitro-benzene or picric acid. 

The chemical processes which occur in living proto- 
l)lasm are, of course, much more complicated than those of 
inorganic matter. Instead of a comparatively simple 
change brought about once and for all, as in the interaction 
of two simple salts, or the rather more complex phenomena 
of organic choiiiistry, we have a continual series of changes 
taking place between a mass of protoplasm and the sur- 
rounding lymph. The molecule of living matter is itself 
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vastly complex. We know that it can break down into a 
number of simpler substances, such as albumen, globulin, 
lecithin, &c., each of which is in reality a complex body, 
yet all of which are loosely or tightly bound together into 
' a huge molecule of protoplasm. Of the true nature of this 
last we have no real knowledge. For the purpose, how- 
ever, of forming a mental picture of the chemical processes 
taking place in living matter, we may imagine the cell as 
consisting of a central mass — corresponding with the ring 
of a benzene molecule — to which are united outlying groups 
of molecules which have the power of entering into com- 
bination with other substances circulating in the lymph, 
such as particles of food, &c. These outlying groups are 
the "side-chains" of Ehrlich's theory. Thus a side-chain 
attached to a cell may join to itself a particle of oxygen, of 
carbohydrate, of fat, <fec., and thereby take part in the 
nourishment of the cell ; or it may become united with a 
molecule of poison, such as the toxine of the diphtheria- 
bacillus. In the latter case, either of two things may 
conceivably happen : the toxine may, through the medium 
of the side-chain, become part of the whole cell and may 
thus poison it, producing actual death (necrosis) or 
degeneration (e.g, cloudy swelling) ; or it may cause the 
death only of the individual side-chain to which it has 
attached itself, in which case the latter is thrown off and a 
new one is formed by the cell. This reproductive process 
is supposed to represent what takes place in the presence of 
only a small quantity of poison, such as first reaches the 
cell in a case of disease. 

The side chains of living cells, in virtue of their pro- 
perties of taking up food and other materials — useful and 
harmful — from the lymph, are known as " receptors." 

By way of illustration of the working of this hypothesis 
we may take the process of haemolysis, as it affords perhaps 
the easiest example. Here, as we saw above, two sub- 
stances, (a) and (6), are necessary to effect destructvow <^1 * 
the corpuscle. Ehrlich's theory auppoae^ ^XslsA. >i>DLfe y^q\*^- 

D 
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jiIkh))) of tlif ■'•>r|>iiKi.'lt' lina not the power of combiniif 
(liiiftly with Ihi- (luwolviii^ subNtance (alexine) which it 
iilwiiys )iri-«-iit ill wruiii, but that it cun attach to itself ■ 
M-cMiid Imily ([iroiluciil in ininiiinified animals), which ia ita 
turn fiui Kra|i|.le to itsr'H tlie wlvent; and that thni tbt' 
diiitruitiii' mutter iK enaliU'tl to combine witli the corpnaeie 
anil dissolve it. 'I'liia {irocoNS im illustrated in Fig. 5. 

An exactly Miuiikr iirocesa ifi at work in bacterid rsii ; 
only Ucn; owing to the niiiuiti-nesa of the orgaoisma, it is ■ 
little luurc ditticult to realiMc the existence of aid&«haius. 




Filf. ii. — DiaerainniHtic rc|>niH.iit>tiim of liit'malyria (or ejUAyiit). A, 
CiirjHincIe or cell, eoimiitiiiK uf moloculcH of ilifFerent uMa, with 
HIHsbU gniu|i« (luls-diuiiii. rccvpture) >t ttio jieriiiher;. B, Holeculei 
Uf alexlnu. U, (^niU or Jiitvniiciliiirr (immune) body. D, CorpoHlc 
witli alcxino roolccule* *ttitctie<l to Hicle cliaiiis hj copula. 



The proueBS by which a bacterid toxine acta on a cell, 
though at first sight more direct, ia found to bo veiy 
siniilur to the action of a hemolytic liubstance on a corpnade i 
only the toxine consistH of both destructive snbstitnoe 
and uniting substance joined together in one molecule. 
Tlie two partK in this case aie called respectively tJie 
toxophore and the haptophore (ro^moy, poison ; ^epw, I 
carry; and airrw, I join; ^pu, I carry). The combined 
toxic molecule seizea on an ap[)ropriate aide-chain of a cell) 
and if a number of side-chains thus take up poisonous 
groups the cell itself dies. If only one or two side-chaiuH 
are thus attacked, they are themselves killed and drop off, 
but the cell escapee. It then proceeds to put out a fresh 
supply of the particular kind of side-chains, of which some 
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liBve been killed. As frequently happens in living bodies, 
the repair goes beyond the original supply, and the cell 
thus becomes fumitihedi with an increasing number of the 
side-chaina capable of fixing the particular toxine. It is 
thus able to deal with a larger and l&iger amount of the 
poison in the blood around it. In this way animals gradu- 
ally become able to tolerate much larger doses of a toxine, 
if it is injected in gradually- increasing doses. 

But as this process goes on, the cell may form so many 
side-chains that it cannot keep them all attached to itself, 
and some of them are cast off into the lymph around the 




Fig.6. — Diagram of cell with numeroua side-ohains (reoeptora) produced 
bj- Btimulation with toiine. Some of these have been cast off aa 
antitoiine, and are combining with moleculea of toiine. On the left 
are Been moleculea of toiine, showing I, toiophore, and A, liap- 
tophore, elements. 

cell and ultimately get into the blood. Thege fret aide- 
chains eonstitule the anlitoxine. They are capable of 
uniting with the molecules of the toxine before it reaches 
the cells, and in this way they prevent any poisonous 
action resulting. Further, if the serum containing these 
free side-chains is injected into another animal, they will 
still perform the same office under their new conditions, 
and will confer on the second animal the same immunity as 
was possessed by the original immunised one. The curative 
and prophylactic action of antitoxine is thus explained. 
(See Fig. 6.) If we add to some toMna a.Ti w^vNuX^tA. 
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• ;..»••. •;. f :i!.": ::...\ ::...• ibe luolfcules of poison present 
■ :"•::.•• i »:Th iht- fivt- side-chains in the anti- 
\ ^i ■. iT. i ■ t:. '■•' jrr attack the tissue cells. Hence 

iij' ;?• ■•.: r. ■ f a :i.:\v.ire of the two is innocuous. If the 
!»:i;:- r..» Liiw- n'.r^ix'ly jiiined a footing in the Mtient snd 
a:- I -.;:•■::. J •■.:•. .■.:.-:.!!.! ly a stream of toxine, the injection 
of .1 '1 .»-■ "f :i!i:itvxiLr iiruiralises the poison : but it is 
ij«-.''— iiy ♦... L'ivt- a vny laryt* dose of it in order to meet 
iln- '■'^^TiIi'■l•^u^ iiirfttw i.f toxine. If, on the other hand, a 
l'«:iv^ii ha-s j:'-T y».'t ;:«.»t, KiiV. dijihtheria, but is exposed to 
ill'.' «;}iHiJc»* of iiif'-c-tioii, tht'ii a ]nx)tective dose of anti toxine 
liiay \j*' ;:ivi.ii i«i ;iiiticiji:ttv infection, so as to be Iving in 
^^■!i\u a< ii wen-, for any j mi son that may be formed. 

'i'o this la^t a]i]ilicatiou it might be objected that, as 
pn;\iousIy stated, tlie antitoxiut* is not antibacterial, and 
that, tliifprfon*, it do<*s nothing to stop infection. But as 
lli<f hacilli <;on<l!!ct thfir conflict with the body by means of 
th<ir j>ois<j]is, injuring the cells and so preventing them from 
fo/ijiing antibacterial matter, the neutralisation of the first 
iioatiH of i><iison enables the organism (the animal attacked) 
to gain lime to fonu its defensive weapons. To use a 
military simile, we may do much to resist the first assaidt 
if we can damp the [x>wder of our antagonists, and so we 
may enable reinforcements to come into action. 

it is imix>rtant to remember that by administering 
antiUjxine we only neutralise theyV*?*!^ toxine present. That 
which has alresidy entered into combination with the side- 
chains of the tissue-cells is practically beyond the reach of 
the remedy. It is possible that, if there is a very large 
quantity of antitoxine present, some kind of "mass" action 
may take pluce, whereby the toxine may be withdrawn 
from its combination with the cells and caused to combine 
with the antitoxine instead ; but this is not absolutely 

^ I'roporly BpOHkinpf, antitoxino is the actual substance which 
coiiibinui with ttiu U^zino and neutralises it. In ordit.ar}' parlance 
tho word in usud for the lorum containing the antitoxic body. For 
further uoiiiiidorutiou uf the interaction of toxine and antitoxine, see 
P. 70. 
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certain. Hence arises the urgent need, in giving antitoxine, 
to give it as early as possible in the disease. For example, 
in the case of tetanus, it may be already too late to make 
use of antitoxic serum when the symptoms of the dise,ase 
have appeared, the poison being already closely attached to 
the cells. Hence many failures and much disappointment 
in the treatment of this disease. 

It may be pointed out that so long as the side-chains 
are attached to the cells they are a source of weakness, as 
enabling the toxines to attack them, whereas, when they 
are cast off into the serum as antitoxine, they become a 
protection. A toxine can only act if it finds appropriate 
side-chains to which it can attach itself ; otherwise it would 
circulate harmlessly in the lymph. Since it would be better 
for the cell, from the point of view merely of its relation 
with toxines, if it had no side-chains, it is supposed that 
these exist originally for some other purpose ; and this is 
considered to be the assimilation of food-materials, as 
already suggested. These presumably are taken up by the 
cell for purposes of nutrition, in the same manner that 
toxines are attached, by means of the affinities possessed by 
the side-chains. 

A distinction is held to exist between the poisons formed 
by bacteria on the one hand — and with them must be 
grouped the toxines elaborated by poisonous snakes, and 
those resident in certain plants, such as ricin, abrin, &c. — 
and the ordinary mineral and vegetable poisons — rmercury, 
arsenic, strychnine, morphine, and the like. It is supposed 
that the substances which form the firat group are proteid 
in character (globulins, &c.), and that it is towards them 
especially that the side-chain activity of the cell is dir ected. 
The poisons of the second group appear to act directly on 
the whole cell, as in the case of these substances no antitoxic 
serum can be prepared.^ The cell as a whole is either 
killed or recovers from the effects of the poison, but it 
cannot protect itself by throwing off side-chains to iY<e,wfct^^afe 

^ But see Appendix C 
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th(' |»oisoii. Til is ]iro]>erty is distinct from the power whidi 
tlif IkmIv uiidoubU'dly possesses of accustoming itself to 
iiirri'ii.siii;^ doses of poison such as morphine or arsenic. 

Incubation- Period. — A peculiar feature in the action 
of l»ii4-trri;il toxiiHvs in the occurrence of an incubaticm- 
)HM-i<Ml lN*twe(>ii tlio administration of the dose and the onset 
of syinptoiiis. Thus, )>y giving increasing doses of tetanus- 
to.xiiM', th(> rapidity of th<> onset of spasm may )>e increased 
up to a c(*rtain iN»int ; 1>ut after this is reached, no further 
addition of poison will ac(*<derate the event. It may be 
su^'^n'st«*<I that tiinr is needcHl, not only for the combination 
of till* toxinc with the side-chains, which is probably s 
soin<)wliat slow process, hut also for the absorption of the 
poisone<l receptor into tho general body of the cell, which 
must precede symptcjms of intoxication. 

Forms of Immunity.— We are now in a position to 
explain, on the theories just set forth, the various forms of 
immunity already allude<i to. In the case of species, races, 
or individuals who are vnturnlly immune to certain infec- 
tions, we must sup|K)se cither that they possess no side- 
chains ca])able, of uniting with the toxines of the bacterium 
causing the disease, the latter thus becoming harmless,^ 
or that they normally contain in their systems the two sub- 
stances necessary to repel the bacteria, viz. the aloxine and 
the copula. In those who are artificially immunised or 
who have recovered from a <lisease {acquired immnnity) the 
copula has been produced, as has been described, by gradual 
education of the cells to throw it off.2 In all these cases 
the immunity is said to l>e ** active.'* When an animal has 
received into its system a dose of antibacterial serum and is 
thereby enabled to resist a disease, it is said to possess 

^ An instanco of this condition may be seen in the tortoise, which 
is immune to the toxinos of tetanus ; if, however, the hlood of a tor- 
toise which has received a dose of tetanus-toxine be injected into 
another animal, it will cause death, showin;^ that the poiiton is not 
neutralised in any way, but merely has no power of affecting the 
cells of the tortoise. 

^ llie copula may be of the nature of a special kind of side -chains. 
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" passive " immunity. This lasts only as long as the injected 
serum remains in the body ; and this is not, as a rule, for 
any long period of time, since the foreign serum is. more 
or less rapidly excreted. ^ The animal in this latter case 
has not gained for itself any power of foi-ming protective 
substances ; whereas in active immunity its cells have been 
educated to perform this duty, and this acquirement seems 
to be retained either permanently or for a considerable 
period of time. It is found that, if an individual has gained 
this active immunity to one disease and then becomes 
infected with a second distinct malady, the former protec- 
tive power is often lost. 

We may repeat that it is the possession of antibacterial 
serum that constitutes true immunity. Injection of anti- 
toxic serum acts only indirectly in this sense. 

Modification of Phenomena of Bacteriolysis, Ac, 
in the presence of living tissues. — It might seem from 

a consideration of the foregoing facts that the explanation of 
immunity was a fairly simple one — that defence against the 
invasion of any micro-organism depended on the existence 
in the blood of the individual of two special bodies, a 
ferment and an intermediary body capable of joining the 
ferment on to the bacterium. The absence of either of 
these would constitute susceptibility; their simultaneous 
presence would confer protection. But other ascertained 
facts render the question more complicated. Thus, taking 
the case of anthrax-bacilli, we find that the blood of the 
rabbit, a highly susceptible animal, acts destructively upon 
the organisms in a test-tube : within the body it manifestly 
does not do so. Similarly, all white rats possess serum which 
destroys anthrax-bacilli, but they are not all immune. On 
the other hand, the serum of animals immune to the dis- 
ease, as that of the hen, forms a good culture-medium for 
the bacillus. It thus becomes clear that we have to take 

1 The antitoxine or copula injected may perhaps be neutralised by 
the fonnation of an anti-antitoxine or anti-co^wlai, wa.^ tx^jN* \sv^\^^ 
pasRed out of the body. • _ 
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into account not only the blood, but alao the living tusoes 
by which it in surrounded in the bodj. In the one case the 
tissues s(H.Mu to exercise some inhibitory influence over the 
bacteriolytic action of the blood; in the other, they supply 
some factor n<v<*&sary for the defence of the animal against 
the bacilli. Further experiments show that while the 
8eru!n of the rabbit is destructive for anthrax > bacilli, an ex- 
tract of its organs prepared by triturating them with stlt- 
solution has no such |>owcr. Indeed, if crushed organs are 
added to the serum and the bacilli exposed to the action d 
the mixture, no bacteriolysis takes place. The tissue^ls 
have i!i some way deprived the serum of its bacteriolytic 
prop<»rty. 

The expla!iation^ given of these phenomena is as 
follows : — We have already seen that a copula, or immune 
body, is needed to fasten the ferment to the bacteria and so 
produce their destruction. This copula has affinity for the 
tissue-cells — in this case an even greater affinity than it has 
for the bacilli. Hence it unites with the cells, and is no 
longer available for the process of bacteriolysis. 

Source of Alexines. — With regard to the source of 
the alexine or complement, an experiment has been per- 
formed which points to the leucocytes as at least one source 
of these bodies. Thus, dog's serum alone is found not to 
act bacteriolytically on anthrax-bacilli, but if some leuco- 
cytes from the same animal are added to the serum, then 
destruction of the bacilli takes place. From other data 
it is believed that the serum of dogs contains the immune 
body, so that it appears that in this case the leucocytes are 
the source of the alexine.^ In other cases it has been 
possible to supply the complement by the addition of an 
extract of the tissues, so that these also must be regarded 
as forming ferments capable of acting bacteriolytically in 
the presence of a suitable copula. 

1 Bail, Prager med. Woch., Nov. 25, 1903, p. 307. * 

2 Professor Orth's «* Festschrift," Berlin, 1903 (Aug. Hirschwald), 
p. 396, et Beq. ; see Brit. Med. Jour. Epit.y June 27, 1903, p. 104. 
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Plurality of Alexines. — Considerable controversy has 
centred round the question whether the alexines or com- 
plements, by which, for example, bacteriolysis is brought 
about, are the same for all micro organisms, and the same in 
all species of animals. Thus, it might be possible to prepare 
an immune serum (one containing a copula or intermediary 
body) which should be capable of immunising a certain 
species of animal (a) against a particular bacillus, but this 
intermediary body might only be capable of uniting to the 
bacilli a special form of alexin e, such as exists in the kind 
of animal (a) used. We cannot be certain without making 
the actual experiment that it will act in the same manner 
within the body of a second species of animal (b) : it may 
be incapable of uniting with the form of alexine which 
is here present. For example, we might prepare an anti- 
typhoid serum capable of protecting an animal (say, horse) 
against typhoid-bacilli, i.e. of causing destruction of 
B. typhosus when it is injected into this animal ; but it does 
not necessarily follow that it will act as a cure in cases of 
enteric fever in man, since human beings may not possess 
the kind of alexine with which horse-copula can unite so 
as to attach the micro-organisms. 

It has also been a moot point whether in a single species 
of animal there is present only one alexine, which is ready 
to act upon all bacteria alike, and upon blood-corpuscles, 
cells, &c., if it is only supplied with the requisite inter- 
mediary body ; or whether more than one alexine is present 
in the serum — one, perhaps, capable of producing haemo- 
lysis, another of causing bacteriolysis. The mode of experi- 
menting is by " preparing " (p. 24) bacteria and corpuscles 
with a certain immune body, and then adding these prepared 
bacteria or corpuscles to a specimen of serum till no more 
lysis takes place. When the serum has thus been saturated 
with one kind of organism or corpuscles till it can dissolve 
no more, a second variety of prepared body (corpuscle or 
bacteria) is added, and it is seen whether destruction of any 
of this occurs. Results appear to be coiitT«i.^\c\.QY^, ^^x^<^\- 
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and Biichner hold to the unity of the alexine ; Metchnikoff, 
Neisser, Ehrlich, and Morgenroth support a plurality.^ 
It is quite possible that the same answer to the qnestion 
may not hold good in all s|>ecies of animals. There is con- 
siderable evidence, however, pointing to the fact that — at 
all events, in some instances — the alexine which causes 
hsemolysis may l>e different from that causing bacteriolysis 
in the same animal. Neisser^ has shown that rabbit's 
serum can be deprived of its bacteriolytic alexine by addi- 
tion of anthrax-bacilli, but that it still remains capable of 
hsemolysis. Gengou and Tarassevitch ^ have adduced ex- 
periments tending to show that different kinds of leucocytes 
are the sources of haemolytic and bacteriolytic alexines 
respectively — the " microphages " producing bacteriolysins, 
the " macrophages " hfemolysins. 

Dangers of Excess of Copula or Alexine.— It has 

recently been pointed out * that the presence of excess of 
antitoxic serum may have an ill effect, since the antitoxine 
which is not employed in neutralising toxine gives rise to 
the formation of anti-antitoxine, which may prevent the 
action of antitoxine in the future stages of the disease. 
It seems doubtful, however, if this constitutes a practical 
danger in therapeutics ; and considering the entire ignorance 
which we are in with regard to the exact quantity of toxine 
present in any given case, we must continue to be guided 
by purely empirical rules for administration of antitoxines. 
A danger similar to that just mentioned is said to e^ist in 
the case of antibacterial serums. If an excess of such a 
serum be administered, there is produced an excess of copula 
in the absence of sufficient alexine. When the former 
unites with the bacteria, its affinity for the alexine appears 
to be reduced ; at all events, it is not increased. The free 
copula (the excess) then appears to attach itself to the 

1 See Ann. de Vlnst, Pasteur, 1899, 1900 ; Berl. klin, Woch.y 
1899, 1900, 1901. 

5* Deutsch, med. Woch.y 1900. 

• Ann. de VInst. Pasteur y 1900, 1901. 

* See Ainley Walker, Clin, Journ.^ June 17, 1903, p, 144. 
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available alexine, and we have bacteria with copula attached 
to them, and alexine-molecules with copula attached to 
them. This double combination seems to prevent bacterio- 
lysis, as it would be necessary, in order that this should 
occur, for copula to unite with copula, which is not possible. 

Deficiency of Alexine. — So far we have paid perhaps 
more attention to the copula than to the alexine in the 
production of immunity. But susceptibility to disease may 
depend on lack of sufficient alexine as much as on defect of 
the intermediary. Some individuals may be naturally ill- 
supplied with alexines. In others pre-sxisting disease may 
exhaust the supply. Thus it has been shown that in chronic 
maladies (carcinoma, Briglit's disease, &c.) the quantity of 
alexine present in the serum tends to fall, and in this way 
we may explain the tendency to terminal acute infections 
in these conditions. Excessive exertion may |)erhaps cause 
destruction of alexine, and thus predispose to infectious 
diseases. The use of such remedies as yeast and cinnamic 
acid may lie in their power of supplying alexines, the 
former perhaps directly, the latter by stimulating leuco- 
cytosis — the leucocytes being the main source of alexine. 

Before leaving this subject it may be well to emphasise 
the fact that the explanation given by Ehrlich of the 
phenomena of bacteriolysis, the action of toxines, tkc, is pure 
hypothesis. The hypothesis has been fruitful, suggesting 
new lines of research ; and so far the results obtained are 
consistent with the theory. But care must be taken not to 
confuse the fascinating diagrams, by which we are enabled 
to form a mental picture of the events that take place, with 
realities. An antitoxine is probably analogous to a secre- 
tion, and the process of bacteriolysis is a chemical reaction 
into which three bodies enter — ^very similar to the inter- 
action of the fibrin-ferment, fibrinogen, and calcium-salts 
to form actual fibrin. In the present account the illustra- 
tions have been kept as diagrammatic as possible, at the 
expense of verisimilitude and artistic merits m ^"^^^t \ft 
avoid any undue pretence o£ rea\ity. 
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CHAPTER III. 

PREPARATION AND ADMINISTRATION OF SERUMS 

AND VACCINES. 

SERUMS. 

Preparation of Antitoxic Seram— Some account of 

the preparation of individual serums will be found under 
their separate headings ; only a general outline of the 
processes adopted will here be given. It is necessary, first 
of all, to make sure that the animal (generally a horse) to 
be inoculated is itself free from disease of any kind which 
might be transmitted to human beings. For this purpose 
it is submitted to a preliminary test by being injected with 
tuberculin to eliminate the presence of tuberculosis, and 
with mallein to ensure the absence of glanders. If it prove 
sound, it is in some cases first inoculated with a dose of 
attenuated (weakened) toxine, prepared by heating the 
virulent poison, or by treating it with some chemical agent 
which reduces its strength. After this the animal is inoculated 
with increasing doses of the virulent poison at stated 
intervals of time. Each dose is generally sufficient to 
produce some febrile reaction, from which the horse 
recovers in the intervals. The doses are given, as a rule, 
subcutaneously, but they may finally be administered intra- 
venously when a high degree of immunity has been attained. 
Sometimes, as a finishing touch, the bodies of the actual 
dead organisms are injected. The horses used flourish 
under the treatment, and grow sleek and fat. 

The toxines used for injection are prepared by growing 

'^e organisms in suitable fluid media ; the cultures are 

■^«n passed through a Pasteur-Chambeiland or other similar 

'ter of porcelain to remove the bodies of the bacteria. 
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It is important that the toxines should be as potent as 
possible, and special methods are adopted to secure the 
highest possible degree of virulence. 

As the site for the injections administered to the horse 
the root of the neck is generally selected, the hair being 
first shaved, and the skin thoroughly scrubbed with lysol 
or some other antiseptic. When a suflficient degree of . 
immunity has been reached, the blood is withdrawn from 
the jugular vein by means of a simple incision, made with 
all antiseptic precautions, a sterile cannula being thrust 
into the vein, and the blood received into sterilised vessels. 
In these it remains till coagulation has taken place, and the 
free serum is then decanted off and mixed with a small 
quantity of some antiseptic. It is transferred to bottles of 
convenient size, and is ready for use. A large quantity of 
blood can be obtained at a single operation from a horse 
(16 to 20 pints from a good-sized animal) without ill effects. 
It is important to wait for a few days after the last 
injection of toxine before withdrawing the blood, as other- 
wise the serum may contain poisonous material. 

Antibacterial Serum. — Antibacterial serums are pro- 
duced by very similar means, but the actual bacteria are 
injected instead of their toxines. Sometimes the dead 
bodies of the organisms are first used, or an attenuated 
culture, the virulent bacteria being withheld till some degree 
of tolerance is established. A dose of antitoxic serum may 
be used to mitigate the effects of the first dose, if it be 
available. In the case of antibacterial serums it is most 
important that the preparation used for treatment of 
disease should be freshly made, since it has been shown 
that the value of such serums rapidly falls. 

Two special factors enter into the question of the 
manufacture of antibacterial serums which do not apply to 
antitoxic preparations. In the first place it is found that 
some species of bacteria comprise different strains or varieties, 
which react differently towards protective serums, Tl\»9»^'a» 
serum may be prepared which ^ViY \ift iaAaX \/:> ^ ^^\^«ai? 



i 



46 SERUMS. VACCINES, AND TOXINES. 

strain of streptococci — the variety used for its preparation 
— but which will have no similar effect on another race of 
the same organisms, ilerivinl perhaps from a different 
patient or from a slightly different form of pyogenic disease. 
Now, in any individual case of illness we cannot tell what 
strain of bacteria may l)e present, and therefore in preparing 
a serum for practical therapeutic use it is advisable to use 
several strains for the purpose of immunising the animal, in 
order that the chances of combating the causal organism 
in any human patient may be increased. A serum thus 
prepared with several strains of an organism is said to be 
" polyvalent." 

Again, as has already been pointed out, it does not 
follow that the alexine existing in the body of one n-nimal 
will l)e capable of uniting with the copula supplied by 
another animal so as to destroy a given bacterium. An 
antibacterial serum originally, no doubt, possesses in itself 
ooth alexine and intermediary body. But the former is an 
unstable substance : it rapidly vanishes from the serum 
when it is kept,^ and it is not improbable that it is destroyed 
when the serum is injected into another kind of animal. 
Henc[) the copula contained in the immune serum may 
have to depend on an alexine found in the animal or man 
to which it is administered, in order to have a bactericidal 
effect. If the two bodies do not fit one another, no curative 
result will ensue. It has been recommended, therefore, 
that serums for human use should be prepared from some 
animal nearly allied to man, such as the ape. Such a 
Berum is said to be " homologous." 

Testing Serum. — Before a si)ecimen of serum is issued 
for use it ought to be tested, to ensure that it is free from 
contamination. It must not contain living bacteria or 
toxines. In order to test it a portion of it must be mixed 
with some culture-medium and incubated, to see if any 
bacteria develop. Some of it must also be injected into 
an animal to make sure that it is not toxic. Cases have 

1 See Ainlej Walker, Lancet, 1901, i., p. 18. 
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occurred in which death has been caused by the use of a 
serum containing the toxines of tetanus. 

Standardisation of Serums.— Since it has hitherto 

been found impossible to isolate the actual toxines of 
bacteria, so that no process of weighing or measuring can 
be applied to them, it is necessary to devise some other way 
of calculating their strength. A physiological test of some 
sort is the only available means of measuring then* effects. 
For this purpose it is necessary to find some animal which 
reacts in a constant manner to the poison, dying regularly 
within a certain time as the result of a given dose of toxine. 
In the case of the diphtherial toxines it is found that 
guineapigs are suitable test-animals. It is possible to 
ascertain accurately the quantity of a particular specimen 
of poison which will invariably cause the death of a guinea- 
pig of a certain weight (250 grammes) on the fourth day. 
This is taken as the standard dose of poison, or " minimal 
lethal dose." It is then necessary to find what amount of 
antitoxine is required to neutralise this dose exactly, and we 
find that equal quantities of a given antitoxine will perform 
this duty. A standard is thus set up. What is known as 
a " unit " of antitoxine is that quantity of antitoxic serum 
which will exactly neutralise 100 minimum lethal doses as 
above described, i.e. of which one hundredth part will 
prevent the appearance of any morbid symptoms in a 
guineapig, if injected along witii the minimal dose of toxine 
which would otherwise kill it within four days. 

In the case of an antibacterial serum the matter is 
rather more complicated. We may take as an example a 
serum which produces destruction of cholera- vibrios. Such 
serum, if injected into the peritoneal cavity of a normal 
animal along with a loopful of virulent cholera- organisms, 
will rapidly cause theii* disintegration. On the other hand, 
the bacteria, if injected into the abdomen of an animal 
(not immune) without any protective serum, rapidly 
multiply and kill the animal. In testing the strew^V q>L ^ 
serum it is diluted for the sake of accuracy, d\Sec«rL\, ^wMvs^^ 
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being diluted to (say) 1 : 100 and 1 : 1000. Two guinea- 
pigs are taken, one of whicli receives 1 cc. of the first 
dilution along with a loopful of a virulent culture of 
cholera-vibrios, while the other receives the same quantity 
of the second dilution with the loopful of the bacteria- 
Within forty minutes search is made in the peritoneal 
cavities of the animals to see whether the vibrios therein 
are flourishing — multiplying and moving actively about — 
or whether they are in process of disintegration. If the 
smaller dose of serum has failed to kill them, while the larger 
one has done so, further experiments are necessary to 
determine the exact quantity of serum which just suffices 
for the purpose; if the lower dose has proved sufficient, 
then smaller quantities still are tried, and so on. 

VACCINES. 

Method of Vaccination. — To confer active immunity, 
it is necessary to inject either the actual bacteria or their 
toxines into the individual to be immunised. For the 
purpose of vaccination it is necessary to inject a dose of 
the bacteria which the individual is capable of overcoming 
by means of his natural powei*s of resistance, the result 
being to raise his protective properties against future 
infection by stimulating the tissue-cells to manufacture 
antibacterial bodies. It is evident that to inoculate a 
person or animal with virulent bacteria by the same 
channel by which infection is produced in disease would 
merely induce the very condition from which it is sought to 
gain protection. Some other method must be selected. 
Several different ways of inoculation without conveying an 
actual attack of the disease are available : — 

1. — It is possible to inoculate attenuated organisms, 
i.e, bacteria which have lost some of their power of produc- 
ing disease. Attenuation^ may be brought about (a) by 

^^ The employment of organisms attenuated by passage through 
^imals has been called '^ Jennerlsation " ; the use of chemical and 
'^er methods of weakening their virulence, ** Pasteurisation.*' 
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passage of the organisms through an animal which has a 
greater power of resistance to them than man, as in the 
case of small-pox, which in the cow takes the form of the 
mild disorder, vaccinia ; (h) by passage through an animal 
which, although equally or even more sensitive than man, 
yet alters in some way the properties of the bacteria, so 
that they are less adapted to cause human infection ; thus 
it is said that the virus of hydrophobia, after passage through 
a series of rabbits, although its virulence for these animals 
is immensely increased, is yet rendered less potent for 
mankind; (c) by growing the germs under conditions 
unfavourable to their development : anthrax-bacilli grown 
at a temperature of 40° 0. lose much of their virulence; 
and Pasteur made use of this method for preparing a vaccine 
for the protection of animals against this disease ; (d) by 
addition, to cultures of the organisms, of chemical substances 
inimical to their growth : thus tetanus-bacilli may be 
attenuated by means of iodine trichloride for the purpose of 
the first inoculations made in a horse in the preparation of 
an antitoxine ; (e) by heating the cultures of the organisms, 
as in the case of the vaccines for black-leg in cattle ; 
{/) ^y ^ryii^gj *"3 in the case of the spinal cords of rabbits 
used in inoculation against hydrophobia (but see below, 5). 

2. — ^The dead bodies of the bacteria may be injected 
instead of the living germs. This method is adopted in 
Wright's antityphoid vaccination. 

3. — The bacteria may be inoculated in some special way, 
diflferent from that by which they normally enter the body 
to cause infection. Thus cholera-germs may be injected 
hypodermically, instead of reaching the alimentary tract by 
the mouth, as they do in cases of infection. The bacillus of 
black-leg (ratLsckbrand) may be inoculated subcutaneously 
or intravenously for purposes of protection, its natural seat 
being the muscles. The tail is sometimes chosen as a site 
of inoculation in animals, as being colder than the rest of 
the body and poorly supplied with blood. 

4. — ^Aii injection of antitoxic serum ma^ V>e adTOL\ms\i^T^^ 
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along with the virulent organisms, ho as to neutralise part 
of their toxines at first, until the animal has gained for 
itself the ]»owor of manufacturing antagonistic bodies. 
This method has been used hy Sobemheim in inoculation 
against anthrax, and by others against cattle-plague and 
swine-erysipelas. 

5. — A very small number of the germs may be inoculated, 
so that the patient can overcome them naturally, whereas 
grave infection would be induced by a larger number of 
organisms. This is the principle of Hogyes' vaccination 
against* rabies, in which a diluted virus is employed. It 
is not improbable that this is practically the basis of 
Pasteur's method in this disease, a certain number of the 
infective agents — those present in the external portion of 
the spinal cord — being killed by the desiccation, rather than 
all those present being reduced in virulence. 

6. — The bacteria may be weakened, before injection, by 
treatment with the copula or immune body of their specific 
bactericidal serum, the alexine being previously destroyed 
by heat. Besredka^ has made use of this method in 
vaccinating animals against the organisms of plague, cholera, 
and enteric fever ; and Bari6 ^ has employed a similar 
method in the case of rabies. It is claimed that by this 
procedure the primary disagreeable efiects of vaccination 
are avoided. 

In many cases (not small-pox) there appears to be a risk 
in undertaking protective injections in the presence of an 
actual epidemic of the disease, since it seems that before the 
body-cells have " learnt " to produce the antibodies there 
exists a preliminary period in which the susceptibility to 
the disease may be actually increased. Some of the existing 
side-chains are occupied by the toxines of the bacilli 
injected, while the cells have not had time to reproduce 
others in excess. 

The word "vaccine" is used on the analogy of the 

1 Ami, (le VInst. Pasteur, xvi., 1902, p. 918. 

2 Comp, rend, de la Soc, de Biolotjiey i>eQ. 5, 1902. 
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original discovery announced by Jenner, the principle 
being the same in the modern procedures. In diseases which 
have a comparatively short incubative period it is necessary 
to administer the vaccine before infection has occurred. 
In small-pox vaccination at the time of infection may 
probably exercise an effect in modifying the disease, since . 
the incubative period of vaccinia (about four days) is shorter 
than that of small-pox (twelve days). In hydrophobia the 
latent period is so long that it has been found possible to 
produce the immunity after the patient has been infected 
with the disease, but before the symptoms have appeared. 
This is the principle of Pasteur's antirabic inoculation, of 
the protective value of which there can now be no reason- 
able doubt. (See p. 153.) 

Toxines as Curative Agents.— The toxines of the 

tubercle-bacillus have been used by Koch as a curative 
agent, under the name of " tuberculin.'* It was found that 
the injection of this substance caused a distinct reaction at 
the seat of tubercular lesions, such as lupus, and that the 
inflammation thus produced seemed to act beneficially on 
the course of the disease. In the case of the ** new tuber- 
culin " the toxic bodies of the bacteria are dissolved and 
injected, with the view of strengthening the patient's 
resistance to the disease. 

A slightly different method, for the treatment of enteric 
fever, has been introduced by Jez, who employs extracts of 
the spleen and other organs derived from rabbits which 
have been inoculated with B. typhosus. It is supposed 
that bodies antagonistic to the bacilli are formed in these 
organs, and that they may be of use if administered to 
human patients suffering from the disease. (See p. 185.) 
This method is rather an instance of treatment by anti- 
toxine than by a vaccine. 

THE ADMINISTRATION OF SERUM. 

Early Administration. — It has already been e^^W^L^^^ 
that the symptoms of an infective diaeaae ar^ ^xj^a \Ai "Oaa 
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effeclH produced on the cells and tissues of the body by the 
toxines of its .sjiecitic micro-organism, and consist in the 
resulting jHTversions of function ; also that the action of an 
antitoxic serum is to neutralise the poison circulating free 
in the blood and lymph, whereas it does not prevent the 
growth of the bacteria or exercise any restraining effect 
on them. Now, as the bacteria pour out a constant stream 
of toxine, and this is continually entering into combination 
with the side-chains (receptors) of the cells, it is most 
important to introduce the antidote as soon as possible, 
before any great amount of mischief is done. If the disease 
has too hmg a start, the antitoxine may come too late to be 
of any service. The great principle, therefore, in giving 
antitoxine of any kind is to give it at the beginning of the 
disease, at the earliest possible moment. In the case of 
diphtheria, statistics show conclusively that the power of 
the remedy over the disease varies directly with the 
promptitude of its administration, while in the case of 
tetanus there seems reason to doubt whether it is not 
already too late, in man at all events, to use the antitoxine 
when the malady has declared itself. (See pp. 83 and 108.) 
Large Dose. — A second principle is to administer a 
large initial dose, since we do not in any case know the 
amount of toxine which has to be counteracted, and the 
supply of the latter is constantly increasing, whereas the 
remedy is given all at once in a single dose, and is not in 
any case repeated for some hours afterwards. There is also 
the possibility that the presence of a very large quantity of 
the antitoxine may tend to withdraw from the cells any 
poison which has already united with them. Similarly, 
we ought not to hesitate to repeat the dose, if it seem in 
the least necessary. It is better to err on the side of 
giving too much than too little. The danger of producing 
anti-antitoxine or anti-immune bodies, previously alluded to 
(p. 42), does not seem to exist in practical therapeutics, 
though it might suggest the advisability of giving quite 
small doses of serum for prophylactic purposes. 
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Use Fresh AntitOXine. — Thirdly, it is important that 
the antitoxine used should be as fresh as possible. There 
is evidence that the remedy tends to deteriorate in course 
of time. How long the different serums may retain their 
antitoxic powers is not yet definitely settled, and in the 
case of diphtherial antitoxine it seems probable that it may 
remain effective for at least two years. But there has been 
shown to be a slow process of deterioration at work in all 
cases, so that, in order to be on the safe side, it is well to 
use only quite fresh serum. If this is not to be obtained, 
or only after some delay, an older brand should be used 
rather than none at all, in preference to delaying unduly 
the administration of the initial dose. The same rule also 
applies to vaccines, which should be used fresh. 

Subcutaneous Injection.— Antitoxic serum is in 
general administered subcutaneously. It is immaterial 
what spot is selected for the injection; the sides of the 
abdomen are the favourite localities as a rule, especially 
the skin near the groin. The back, between the shoulders, 
is equally convenient, but in the (unlikely) event of an 
abscess forming at the point of injection, as the result of 
some failure in antisepsis, the lesion would add more to the 
discomfort of the patient in this situation than if it were 
on the front of the body, where it would not interfere with 
the ordinary dorsal position of rest. The skin should be 
first washed with soap and water, and then with some 
antiseptic, such as 1 : 20 carbolic-acid lotion. The needle is 
passed quickly through the skin into the subcutaneous 
tissue, and the fluid is injected fairly slowly. The puncture 
is then sealed with a " scab " of collodion. In severe cases 
of diphtheria and in plague it has been recommended to 
inject the serum directly into a vein, and good results 
have been claimed for this method (see pp. 85 and 170). 

The Syringe. — The syringe should be of a capacity of 
not less than 10 c.c, as this is about the largest dose of 
serum usually given. It should preferably have a glass 
piston (Fig. 7), as this can be more readily sterilised ^VjkSvjcL 
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those provided with an ordinary leather washer. The 
latter may, however, be made of asbestos or of indiarubber. 
The needle Khould l>e longer than that of a common hypo- 
dermic syringe ; 2-2^ inches is an adequate length. The 
bore of the needle need not be large, as the serum is 
perfectly fluid, and will pass readily through any hollow 
needle. It is unnecessary cruelty to employ the large- 
bored instruments often supplied, as they cause considerably 
more pain, and it is an advantage rather than otherwise to 
give the injection slowly. The serum at first causes a slight 
swelling at the point where it is injected, but this soon 








Fig. 7.— All-glass serum-Hyringc ; readily sterilised by boiling, 
after sei>aration of the comi)onent parts. ^ 

subsides. Its diffusion may be aided by a little massage of 
the part, but this is quite needless in the majority of 
instances. If a second injection is required, it may be 
given at the point corresponding with the first, but on the 
opposite side of the body. If a series of doses is necessary, 
rows of punctures may be made in lines up the two sides of 
the alxlomen. 

In young infants the small size of all the parts must be 
borne in mind, so that the needle may not be inserted 
unduly far. Cases are recorded in which the pleura has 
been punctured in the process of injection in the flanks, and 
gangrene of the lung has ensued with fatal result.^ With 
. ordinary care no fear of injury to the youngest baby need 
be entertained. 

After use the syringe and needle should be washed 

* Made by Messrs. Burroughs, Wellcomo & Co. 

» R. G. H. Tato, Dublin Journ. of Med. Science, April 1900, p. 271. 
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through first with cold water and then with some antiseptic 
to ensure sterility. They should be boiled ^ just before use 
in all cases. The syringe should be allowed to cool some- 
what before the serum is drawn into it for use, to ensure 
that the temperature of the instrument is not such as to 
cause any coagulation of the albuminous fluid, thereby 
blocking the needle. 

Local Effects of Serums. — In some diseases which 
are characterised by distinct local lesions it has been advised 
to inject the serum in the neighbourhood of these, in order 
to procure a local effect. Thus in erysipelas good results 
have been obtained by injections of antistreptococcic serum 
into the periphery of the inflamed area, and in plague it 
has been recommended to make the injection into some part 
of the skin which is drained by the lymphatics leading to 
the bubo. 

OCCASIONAL ILL EFFECTS OF SERUM. 

Effects on Man of the Serum of the Lower 

Animals. — It is probable that the blood-serum is not 
identical in composition in any two species of animals; 
indeed, there are variations even in that of individuals of 
the same species, as shown in their different degrees of 
immunity to diseases. We have already alluded to the 
poisonous effects produced in mammalian animals by 
injection of eel's serum, by which an actual haemolysis is 
brought about. Other serums possess varying degrees of 
toxicity. Antitoxic and immune serums are necessarily 
prepared from the blood of the lower animals, and the 
horse is usually chosen for the purpose on account of its 
size, which enables a considerable quantity of blood to be 
drawn at a time, as well as owing to the comparatively 
innocuous nature of the serum of this animal in its action 
on man. The injection of normal horse's serum into man 
may, however, be followed by certain results of an un- 

^^ In the all-glass syringe the parts should be separated before 
boiling, to obviate danger of cracking. 
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pleasant^ and at times even dangerous, character. It is 
found that the serum of some horses possesses these 
qualities in larger measure than that of others. The fact 
that a horse has heen immunised to a certain toxine or 
organism does not seem to have anjrthing to do with the 
production of the symptoms referred to; the peculiarity 
resides in the serum of the animal, and is uninfluenced by 
the matters used for inoculation. It is also possible that 
an idiosyncrasy on the part of the patient injected may be 
the origin of some of the ill effects noticed. 

Nature of Symptoms. — As the most frequently used 
serum is the diphtherial antitoxine, it is chiefly in the case 
of this remedy that ill effects have been observed. They 
consist in cutaneous eruptions of various kinds, pains with 
some swelling and tenderness in the joints, and occasionally 
rise of temperature and feeling of illness. A good deal of 
itching is frequently met with at the site of injection. The 
rashes appear, for the most part, some time after the 
administration of the serum (second weeli:), and are of the 
type known as erythema multiforme, i,e, they present many 
different appearances, erythematous, urticarial, scarlatini- 
form, morbilliform, &c., but all are essentially conditions of 
hypersemia and escape of serum into the tissue-spaces in 
varying proportions. Sometimes the hypersemia predomin- 
ates (erythema, &c.) ; sometimes the escape of serum 
(urticaria). In a very few instances more serious efiects 
have ensued. Thus Rauschenbusch^ records the case of a 
child who received a prophylactic injection of antitoxine, 
and who was almost immediately seized with "giddiness, 
faintness, vomiting, and cutaneous irritation, with urticarial 
wheals, within a few minutes of the injection." She 
remained ill for some hours, but was nearly well on the 
following day. Actual death may occur. A few instances 
have been recorded after the use of diphtherial anti- 
toxine, and the present writer has seen a case in which 

* Quoted by Durham. Art. " Antitoxina " in Quain's " Dictionary 
of Medicine,*' 1902. 
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an injection of antistreptococcic serum in a patient 
suffering from pernicious ansemia w^as quicklj followed 
by coma and death. When, however, we consider the 
enormous number of injections of serum of all kinds that 
are given, the number of fatal cases reported — and it is 
probable that scarcely a single one of such fatalities escapes 
record from its very rarity — becomes almost infinitesimal. 
The risk is much less than that of the smallest surgical 
operation, and can be entirely neglected in the presence of 
any real illness or even danger of infection. 

Mode of Obviating lU EflfectS.— Ill effects appear to 
be associated to some extent with the amount of serum 
used for an injection, a large dose being more likely to be 
followed by rashes, <fec., than a small one. There is thus 
reason to hope that the occurrence of these symptoms will 
become less and less frequent with the course of time, since, 
as it becomes possible to prepare serums of increasing anti- 
toxic strength, smaller doses will be required to produce 
the desired effects. Thus, diphtherial antitoxine has been 
prepared containing as much as 1,500 units to the cubic 
centimetre, a very minute quantity of such a potent remedy 
being necessary for any one injection. Certain horses 
whose serum exhibits specially toxic qualities should not 
be used for the preparation of serum. 
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CHAPTER IV. 

SERUMS AND TOXIXES IX THE DIAGNOSIS OF 

DISEASE. 

Agglutination-Test. — Allusion has already been made 
to the diagnostic use of the agglutinating power which the 
serum derived from patients suffering from cei*tain infective 
diseases exerts upon the bacteria causing the condition. 
The first observation of this property was made by Gruber 
and Durham with regard to the reaction as it affects the 
bacilli of enteric fever. It was afterwards found that very 
many kinds of micro-organisms were similarly affected by 
the serum of animals immunised against them. Widal first 
suggested the use of the reaction as a test of the existence 
of enteric fever, and the test is commonly known as 
" Widal's reaction " in consequence. 

At first it was thought that the mere fact of a serum 
from a patient possessing the clumping property was con- 
clusive evidence that the disease from which he was suffer- 
ing was enteric fever ; but it was soon found that the serum 
of many normal persons was capable of producing the same 
effect That derived from typhoid patients, howevw, is 
much more strongly agglutinative than normal serum, and 
will produce the reaction even if considerably diluted. The 
test was therefore modified, a diluted serum being employed. 
A one-in-ten dilution was at first considered sufficient, the 
method adopted being to mix on a glass slide one loopful of 
the serum to be tested with nine loopfuls of a fresh and 
vigorously-moving culture of Bacillus typhosus. It is 
necessary that the culture should be a young one, as some 
agglutination of the bacilli takes place in older cultures 
without any addition of serum, while the bacteria move 



AGGLUTINATION-TEST. 59 

more vigorously in young cultures. It is recommended, 
therefore, to inoculate a broth-tube twelve to twenty-four 
hours before use in order to have the organisms at their 
best for the test. A drop of the mixed fluid — serum and 
culture — is brought into the field of the microscope, and the 
condition of the bacilli is observed. At first they can be 
seen moving actively about in all directions, but their 
movements gradually become more sluggish and finally 
cease, while the organisms may be seen to become aggre- 
gated into clumps or masses. A time-limit is necessary for 
this test, and half-an-hour is that usually taken. If within 
this time the bacilli have all, or nearly all, ceased to move 
and 'become massed together, then the test is said to be 
positive. 

It is now recognised that a dilution of 1 : 10 is not 
sufficient to exclude a number of cases in which the 
individual normally possesses a somewhat high agglutina- 
tive power without any infection with enteric fever. A 
dilution of 1 : 50 is now taken as the proper strength from 
which to judge of the reaction of a serum in suspected 
enteric fever ; if such a diluted serum causes agglutination 
within half-an-hour, the reaction is called positive. 

It is also advisable to dilute the serum itself before 
mixing it with the culture of bacilli, and not merely to use 
the latter for purposes of dilution ; since the pure serum 
may produce some clumping on first coming into contact 
with the bacilli, before the whole is properly mixed, and 
errors may thus arise. For dilution of the serum an in- 
different fluid, such as sterile salt-solution (0*6 per cent.), 
may be employed. 

It was at first hoped that in WidaPs reaction we 
possessed a certain test for the existence of enteric fever, 
but we now know that this is not the case. On the 
hand, a certain number of undoubted cases of enteric fe^ 
fail to give the reaction at all. Mention has already 
made of fatal cases which never showed any power ol 
agglutination, but which presented post inortem tba cfcaax^^- 




eo SERUMS, VACCINES, AND TOXINES. 

teristic lesions of the disease. On the other hand, cases 
which are not enteric may exhibit a comparatively high 
agglutinative power. (See also p. 191.) 

The serum of patients suffering from other diseases 
may possess towards the corresponding bacteria as high an 
agglutinative power as that found in enteric fever, or even 
higher degrees. Thus in Mediterranean or Malta fever it 
is quite usual for the serum of patients to clump the micro- 
coccus in dilutions of 1 : 250, though here, too, a dilution of 
1 : 50 is recommended as a good practical working strength 
for diagnosis. The serum of dysenteric patients may 
clump Shiga's bacilli in a dilution of even 1 : 1000 in some 
instances. Posselt and Sagasser^ consider that a dilution 
of 1 : 50, recommended by Shiga, is here not sufficient to 
secure an accurate diagnosis. The serum of a guinea-pig 
artificially immunised against colon-bacilli may react with 
these organisms in a dilution of 1 : 25,000, while that of a 
typhoid immunised horse may possess nearly equal strength. 

The observers just quoted show that while a serum may 
normally possess a power of agglutinating several kinds of 
bacteria, the process of immunising the animal against one 
kind of organism will raise the agglutinative power aga^'nst 
the others, though not in equal degree. Thus the serum of 
a patient suffering from dysentery may possess an aggluti- 
native power for B. dysenteriae of 1 : 300, while it may 
react with B. typhosus at 1 : 75, with B. coli at 1 : 30, and 
V. cholerae at 1 : 35. If examination were only made for 
its reaction with typhoid bacilli, an error of diagnosis might 
easily result. They therefore hold that it is necessary, 
before accepting a reaction as positive, to test the aggluti- 
nating power against several organisms. It need hardly be 
pointed out that, if such be the case, it adds considerably to 
the difficulty of making the test, and thereby detracts 
greatly from its value for every-day use. 

Another way of making use of the agglutinative reaction 
br diagnosis is to add a measured volume of serum to a 

^ Op, cit, (see p. 28). 
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known quantity of culture in a test-tube. If the former 
possesses agglutinative properties, a precipitate forms in the 
tube, visible to the naked eye, owing to the subsidence of 
the clumped bacteria to the bottom of the glass. This is 
known as the " precipitation test." It is also possible to 
cultivate organisms in the serum and to compare the appear- 
ances which they present with those of cultures in ordinary 
serum. In some cases the growth in the specific serum is 
characterised by clumping or chain-formation. 

The agglutinative power remains present in the serum 
long after the infection which led to its appearance has 
subsided. Hence, not only do convalescents from, for ex- 
ample, enteric fever react to Widal's test, but also persons 
who have suffered from the disease in previous years. How 
long the property remains is not known for certain. 
Probably it varies in different individuals, and perhaps 
according to the severity of the attack. In the case of 
dysentery it has been found to last for at least a year in 
some cases (Kruse). It is suggested that the duration of 
agglutinative power corresponds with that of immunity to 
the disease, but this cannot be considered proved as yet. 

A drawback to the use of the test as a means of diagnosis 
lies in the fact that it does not appear quite at the beginning 
of the illness, at which time it is most needed as an aid to 
diagnosis. Thus, in enteric fever, it cannob be relied upon 
to appear before the second week of the disease ; in plague 
it may be absent until convalescence. In dysentery the 
reaction is often wanting in mild cases, according to Shiga. 
This author holds that the agglutinative power in any case 
bears a direct proportion to the severity of the infection. 

Toxines as means of Diagnosis.— It is found that 

in some diseases the injection into the affected animal or 
patient of the toxines of the bacillus causing the condii 
produces a febrile reaction, and use has been made of 
as a means of diagnosis in the case of glanders and tu1 
culosis. The prepaiation used for the diagnosis of the 
former disease is known as " malle'm," and is mM^<c\:L^^»Ri.^'"^^ 
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veterinary practice to discover the existence of the disease 
in horrtefl, in which it is often very latent. Tuberculin is 
similarly used on cattle to reveal the existence of tubercu- 
losis. It has also l>een employed in human patients, though 
it has not come into general use, ])artly owing to the dis- 
agreeable nature of the effects produced, and a real or 
supposed risk of doing harm to the sufferer ; partly from the 
existence of other means of diagnosis, such as physical 
examination and the search for bacilli in the expectoration 
(see pp. 238 and 327). 
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CHAPTER V. 

DIPHTHERIA. 

Nature of Diphtheria. — Diphtheiia, derived from the 
Greek word ln^ipa^ a skin or piece of leather, was a term 
originally applied to cases of sore-throat characterised by 
the presence of ''false membrane/' When the condition 
came to be examined bacteriologically it was found that the 
great majority of these cases are associated with the growth 
of a particular bacillus {B, diphtJteria*), It was therefore 
assumed that all cases of the disease were due to this 
organism, and it became the fashion to diagnose diphtheria 
solely on bacteriological findings. A case of sore-throat in 
which the bacillus is found is now called " diphtheria," apart 
from the presence or absence of the characteristic clinical 
symptoms (membrane-formation), while there is a tendency 
to refuse to recognise cases of membranous 'sore- throat in 
which no such bacilli are found, as instances of the disease. 
The practical result is to change the connotation of the 
term diphtheria from that of " membranous sore-throat " 
to that of "sore-throat due to B. diphtheriae." A recog- 
nition of these facts will be seen to be of importance when 
the evidence for the value of antitoxic serum is discussed. 

Causal Organism.— The Bacillus diphthericH was first 
discovered by Klebs in the year 1883, and was cultivated 
by Loeffler in the following year ; hence it is generally 
known as the Klebs-Loeffler bacillus. It is a non-motile, 
rod-shaped organism, of about the same length as the 
tubercle-bacillus, but thicker. It is not known to form 
spores. The bacillus stains readily by all ordinary methods 
— the dye usually adopted being Loeffler's methylene blue. 

The B. diphthericB belongs to a group of organisms, the 
exact relations between the members of which are not 
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definitely decided. The most closely-allied form is the 
pseudo-diphtheria bacillus, which very nearly resembles the 
pathogenic organism, but is not usually virulent for animals. 
This organism seems to occur in the throats of individuals 
who have been exposed to diphtherial affection, especially 
among school-children. At the Victoria Hospital for Sick 
Children, Chelsea, owing to frequent outbreaks of diphtheria, 
" swabs " were for a period of time taken from the throats 
of all childi-en admitted to the wards. Diphtheria-bacilli 
of a virulent kind were found in a considerable proportion of 
the throats examined. In others pseudo-diphtheria bacilli 
alone were found, but it is noteworthy that among the 
latter cases at least two deaths subsequently occurred. 
This is suggestive that either the "pseudo** bacilli sub- 
sequently became virulent, or that they were in some way 
associated with the true organisms. But the matter must 
be considered to be still sub judice. The pseudo-diphtheria 
bacillus is said not to be agglutinated by the serum of 
animals rendered immune against the Klebs-Loeffler bacillus. 
If this fact be verified, it will be strong evidence of the 
diversity of the two organisms. 

Another closely-allied, if not identical organism is the 
Bacillus xerosis, which is met with in the affection of the 
eye known as xerosis conjunctivae. 

Among the lower animals cats seem to suffer sponta- 
neously from true diphtheria, and infection of human beings 
may occur from them. Horses are also said to contract 
the disease. Most laboratory animals can be artificially 
infected, guinea-pigs and rabbits being especially sensitive. 
The disease called "fowl-diphtheria" is due to a different 
organism. (See p. 331.) Mice and rats seem to be immune 
to diphtheria. As test-animals for the virulence of a 
culture of the bacilli, guinea-pigs are generally used. 

Occurrence in the Body. — The Klebs-Loeffler bacillus 
is met with not only in cases of membranous sore-throat or 
diphtheria, but also in disease of the middle ear and in 
chronic nasal discharges. It may also be found in a virulent 
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condition in the throats of healthy persons. It is supposed 
that such individuals have been exposed to infection from cases 
of diphtheria, but it does not seem to be proved that such 
contact need have occurred. It is equally possible that the 
organism is not unfrequently present in the fauces, as a casual 
inhabitant, and only becomes pathogenic owing to some 
lowering of the resistance of the tissues, due to other causes. 

In cases of membranous sore-throat in which the 
diphtheria-bacillus is found, it may occur either in almost 
pure culture or mixed with other organisms, especially 
streptococci. These mixed cases are generally more severe, 
and the prognosis is worse than in simple diphtherial 
infection. Diphtheria-bacilli are also found in the disease 
called Noma or Cancrum oris, and they may gain a footing 
on any open wound and there give rise to the formation of 
false membrane. As in the throat, so also on wounded 
surfaces, it is probable that other bacteria, such as strepto- 
cocci, may form false membrane, so that every such 
formation is not diphtheritic in the strict sense of the 
word, i.e, caused by the B. diphtherise. 

In cases of diphtheria the bacilli remain for the most 
part confined to the false membrane in the fauces ; no 
general infection of the blood takes place as a rule, though 
in severe cases a diphtherial septicaemia may perhaps 
occur. As the disease progresses, the bacilli multiply. The 
membrane spreads superficially by continuity, and may 
extend to the larynx and bronchi, the nose, the eye, the 
mouth, and rarely to the stomach. In their growth in the 
false membrane — which consists of necrotic epithelial cells 
and fibrinous exudation — the bacilli manufacture a sub- 
stance, probably of the nature of a ferment, which is 
absorbed by the blood-vessels and carried all over the body. 
This ferment, by its action on the tissues, gives rise to 
other poisonous materials or secondary toxines. The bodies 
of the bacilli themselves are not so poisonous as their soluble 
products ; thus Kossel ^ showed that if the actual bacteria 

1 Centralblatt f. Bakt, Bd. 19, 1896. 
P 
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wei-o woslieil fre<» from the poison and then killed, the dead 
ImkHcs had v«'r}' little toxic influence when injected into 
animals. 

Toxines of Diphtheria — The nature of the poisons 
maiiufactiin»d ))y the diphtheriarbacillus was studied very 
early in tlie history of modern bacteriology, since the 
orgaiiisnis form soluble toxines which can be readily 
obtained in culture-media. 

Ivoux and Yersin ^ were the first who discovered the 
presence of diphtherial-toxines in broth-cultures of the 
bacilli (1SS8, 1889). Solutions of the poisons may be 
prepared by growing the organisms in broth for periods of 
two to four weeks, and then either passing the fluid 
through a porcelain filter so as to strain off the bacilli, or 
adding a germicide of some sort to it so as to kill them, 
Toluol has been used for the latter purpose by Ehrlich and 
Wassermann.2 The fluid is shaken well up with this 
substance*, which separates, on standing, into a layer 
floating on the surface of the broth. In this condition the 
preparation can be kept indefinitely, as the toluol prevents 
any decomposition taking place. The bodies of the bacilli 
sink to the bottom of the flask. A special method of 
growing the bacteria was devised by Aronson,^ in which 
they are induced to form a scum or coat on the surface of 
the broth ; by this means they produce a much stronger 
toxine than when they are cultivated in the ordinary way, 
diffused through the fluid medium. 

The effects of the poison are seen equally well whether 
the living bacilli or the prepared toxines are used for 
experimental injection. A guinea-pig which has received a 
dose of the organisms subcutaneously presents first at the 
site of injection an oedematous swelling, which is followed 
by enlargement of the neighbouring lymphatic glands. The 
animal appears to become weaker and weaker, and dies, if a 

1 Ann. de VInst. Pasteur, 1888-9. 

2 Zeitsehr.f, Hygiene, Bd. 19, 1893. 

3 Berl. klin, Woch., 1894, p. 426. 
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moderately strong dose has been given, in the space of about 
four days. An examination of the body then shows the 
existence of oedema and haemorrhage at the site of injection, 
and serous effusion into the cavities of the pleurae, peri- 
cardium, and peritoneum. The bacilli are not found to have 
become generalised throughout the body. Very large doses 
of toxines or very virulent bacilli may produce death in 
twenty-four hours. The haemorrhagic nature of the cedema, 
and the occurrence sometimes of haemorrhages elsewhere in 
the body of the animal, are of interest in view of the 
malignant or haemorrhagic form of diphtheria which is seen 
at times clinically : this would appear to be due to the B. 
diphtheriae, not to secondary infection with pyogenic or 
similar organisms. 

If weaker doses of poison are administered, insufficient 
to cause death, the most marked phenomena may be the 
local swelling and the subsequent appearance of paralysis. 
There is, indeed, reason to believe that at least three 
separate poisons are manufactured by the Klebs-Loeffler 
bacillus : one, which is the most important, causes death by 
a general intoxication ; a second produces the local oedema 
at the point of inoculation, which may actually go on to 
necrosis of the superficial tissues; and the third is 
responsible for the paralysis which sometimes occurs as 
a sequel. The oedema is more pronounced in those cases 
which do not die; and the animal loses hair over the 
cedematous area, which may slough. Apparently the 
oedema has not time to form completely in the instances in 
which rapid death occurs. If life is prolonged for as much 
as a fortnight, paralytic symptoms may supervene, and the 
guinea-pigs die of asthenia. 

As to the exact chemical composition of the toxines 
little is definitely known. Roux and Yersin considered that 
the main poison was of the nature of a ferment ; they found 
that the toxic substance which they succeeded in isolating 
did not act in the presence of acid. S. Martin was also led 
to believe that the primary poison is a fermaw\>, ^Sa 
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i»ulat«>4l from t)ie tissues of auimals dead of the disease, as 
wril its fn.iii tin* culture-media in which the organisms 
liuil Jmm'u ;;rowii, a series of albumoses (pi-oto-, deutero-, 
jiiul h<'t<*ro-alhuinose), as well as an organic acicL He 
consi(l«'n*<l that the alhumoses were formed in the bodj- 
tissufs, es|K*c-ially in the spleen, not in the false membrane. 
In this latter the ferment was generated, and thence it was 
ahscjilx^l by the blood-vessels. Brieger and Bor* grew the 
bacilli in dialysnl urine, a non-albuminous fluid, and precipi- 
tat<-d the toxine by means of zinc chloride. The material 
thus prepared was non-albuminous ; it was very sensitive to 
oxidising agents, but resistant to reducing substances. It 
was highly toxic to animals, and the injection of it in 
small (pianlities })ro(luced immunising substances in their 
serum. These observers found that the bodies of the 
bacteria contained a substance which was capable of caus- 
ing necrosis of living tissues, and which did not give rise to 
antitoxine in the serum. In this respect they are at issue 
with Kossel,- who found the bodies of the bacteria only 
slightly toxic. 

DIPHTHERIAL ANTITOXINE. 

Manufacture of Antitoxine.— For the production of 

antitoxine it is necessary to prepare a toxine of the highest 
possible virulence. Certain strains of the bacillus appear 
to be specially adapted to form toxines in artificial media, 
taking on the peculiar form of growth already described 
(formation of a pellicle on the surface of the nutrient fluid), 
which is found to be most advantageous for this purpose. 
When the organisms have grown for about a fortnight on the 
culture-fluid, the latter is passed through a porcelain filter ; 
the bacilli are thus removed, and the filtrate is ready for use. 
The horse selected for the production of antitoxic serum 
is submitted to a preliminary examination with mallein and 
tuberculin to ensure that it is free from glanders and tuber- 
culosis. If it fails to react to these tests, it receives an 

1 BeuL med. Woch., 1896, p. 784. ^ Loc. cit, (p. 66). 
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injection of a small quantity of the toxine (J to 1 cc.) sub- 
cutaneously in the loose tissue at the root of the neck. The 
injection is followed by considerable local reaction, causing 
the appearance of a large swelling, while the horse exhibits 
signs of fever and constitutional disturbance. It is 
necessary .to wait till these symptoms have subsided before 
administering a second injection, which may be given on 
the opposite side of the neck. The antitoxic power of 
the blood rises gradually, reaching its highest in 
about six months. The doses are gradually increased till 
as much as 1 litre of the toxine may be injected for a single 
dose. The febrile disturbance produced by the poison 
becomes less and less as the treatment continues. It 
appears to be a good sign that the horse should react 
strongly at first, as such animals seem to produce in the end 
a more highly antitoxic serum. Some horses fail altogether 
to form antitoxine; probably the receptors of their cells 
have not sufficient affinity for the toxine, and so a sufficient 
number of them are not killed to stimulate reproduction in 
excess. 

The injection of each dose of poison is followed by 
an immediate fall in the antitoxic value of the serum of 
the horse, but this rises again in the course of a day or 
two to a point higher each time than that at which it 
previously stood. It is important not to give a fresh dose 
of toxine till this rise in antitoxic power has taken place ; 
otherwise the antitoxine present may actually be diminished 
instead of increasing. As a rule the injections are given 
about once in three days. A horse will not go on in- 
definitely producing antitoxine ; its power in this direction 
appears to become exhausted after a time. • 

Standardisation of Toxine and Antitoxine.— As 

has already been pointed out, it is not possible to weigh or 
measure toxines and antitoxines as we do ordinary drugs, 
and therefore their strength can only be measured by means 
of physiological tests, that is to say, by determining experi- 
mentally the effects produced on living animals. For the 
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Interacuon of Toxine and Antitoziiie.— From the 

fA.c.^ yisz Evr:i?niai ic hjk> l>et?n. ajssuolcvI that the relation 
\)*:T.wr^Ti -jd^'tyn rjpev*inwrL< ot toxine and Antitoxine is a con- 
fttant one, the- same qaarictty o£ the Utter being always 
rftrjaireri to neutn^Use exactly a certain anK^unt of the former. 
ThiH iH practically tnie within limits The interaction 
lifjtwf-en the two substances appears, therefore, to be a 
Mtn]A('. chemical combination, similar to that which takes 
p\fUi4', lff;twcen rut acid and an alkali But in the case of 
the, Hu\mi4in('A^ which we are considering certain curious 
pfii'TioriHrna havfj l>een ol>served, showing that wo are not 

' Tlii^ (|ii;iiitity of toxino, sufficient to kill 100 gfuinea-pi^s, and 
i'X(U'i\y iM iiimlinoJ hy ono unit of antitoxine, ia called by EhrJich the 
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dealing with a case of simple chemical combination. If we 
take a certain quantity of a simple acid and add to it the 
amount of the alkali which exactly neutralises it, we have a 
mixture corresponding with the mixture of one unit of anti- 
toxine with 100 minimal lethal doses of toxine. If to the 
former mixture we add any fresh quantity of the acid, it 
will remain uncombined and capable of producing its normal 
effects (combining with more alkali, &c.). If, however, we 
take the mixture of toxine and antitoxine, and add to it one 
minimal fatal dose of toxine, we do not find that this addi- 
tional toxine has still its usual effect, viz. to kill a guinea- 
pig of 250 grammes in four days. On the contrary, if the 
mixture (unit of antitoxine +100 minimal fatal doses of 
toxine + I extra minimal fatal dose) is injected into a guinea- 
pig, the animal recovers from the injection, only exhibiting 
a certain amount of oedema at the point of injection. If 
still further quantities of toxine are added, it will be found 
that quite a large number of toxic units ^ must be added 
before a point is reached at which the animal dies in four days. 
We may make the same iBxperiment in another manner. 
If we take the amount of toxine which is exactly neutralised 
by one unit of antitoxine, viz. 100 lethal doses, add to it 
1^ of a unit of antitoxine, and inject the mixture into a 
guinea pig, the animal does not die, but only suffers from 
some local oedema. This might, indeed, have been foretold, 
as there should theoretically be set free only one-half of a 
minimal lethal dose of poison. If, however, we proceed 

^ This additional quantity is called by Ehrlich the L+ dose. 
A method of standardising antitoxine, founded on the determina- 
tion of this L + dose, has recently been introduced in place of the one 
described above. A standard antitoxine being available, unit-doses 
of it are taken ; varying quantities of (any) toxine are added to these, 
and the mixtures are injected into guinea-pigs, until the exact mix- 
ture (1 unit antitoxine and x toxine) necessary to produce death on 
the fourth day is discovered. This amount {x) of the toxine is then 
mixed with varying quantities of the antitoxine under examination, 
and the quantity of this latter which must be added to the above (x) 
amount of toxine in order that the animal may be killed in the given 
time, is proved to contain exactly one unit of antitoxine, its action 
being precisely equivalent to that of the original standard uait« 
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further in the sonio way, and add to the same quantity of 
toxine ^,*;,'; of a unit of antitoxine, we should expect death 
to occur on the fourth day, as one lethal dose should now 
be available. But again only local oedema results. Pro- 
ceeding in this way, it is found that, even if i^§ of a unit 
is added, the mixture is still incapable of killing the animal 
in the stated time. When, however, the 100 lethal doses 
of toxine are mixed with only -J J^ of a unit of antitoxine, 
then one minimal lethal dose is set free and the usual effect 
is produced. It is found at this point that for each 2^ 
of a unit of antitoxine that is subtracted, one lethal dose is 
set free. This continues till a point is reached at which we 
have arrived at a mixture of 100 m. L d. of toxine with ^^^ 
of a unit of antitoxine ; this is capable of killing 100 
guinea-pigs. Any further diminution of antitoxine is with- 
out effect. 

Put in other words, it appears that it is possible to add 
to 100 lethal doses of i)oison as much as one-quarter of the 
total amount of antitoxine, which will exactly neutralise 
them without decreasing the available toxic capacity. If a 
further J-unit of antitoxine is added the whole of the poison 
is neutralised. 

Tlie explanation of these phenomena given by Ehrlich 
is that the crude poison, if it may so be called — the culture- 
medium in which the bacteria have grown — contains several 
different substances, all of which have the power of com- 
bining with antitoxine. They have, however, different 
degrees of affinity for the latter. The body which has the 
greatest avidity for antitoxine is called " prototoxoid." 1 
The main toxine, which causes the death of the guinea-pig, 
occupies an intermediate place in point of affinity, while a 
third substance, called " toxone,*' has the least affinity of all. 
This last appears to be the body which is responsible for 
the local oedema seen at the point of injection of diphtherial 
toxines. 

1 It has been suggested that toxoids consist of free '' liapto])hore " 
molecules of toxine which have lost their " toxophore " element 



TOXINE, TOXONE, AND TOXOID. 73 

The accompanying digram (Fig. S) will perhaps serve to 
make a little clearer what happens o» gradually adding anti- 
toxine to toxiue. The tube on the left ahows the relative 
proportions of each substance present in a specimen of crude 
poison. If now antitoxins be added, filling up, as it 
were, the tube tvom the bottom, it will fii-st of all neu- 
tralise the prototoxoid, one-quarter of the whole antitoxine 
being thus occupied. The next two quarters will be taken 
up by the toxine, and 
the last quarter of all 
by the toxone. The 
first addition of anti- 
toxine does not reduce 
the toxicity of the mixed 
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Again, if we take a of saturatiou of diphtlierial toxine 

mixture in which toxine antiwune. 

and antitoxine are 

exactly neutralised (neglecting for the sake of simplicity 
the prototoxoid), the addition of a further unit of toxine 
will tend to set free an equivalent quantity of toxone, 
which has less affinity for the antitoxine ; and on 
adding further quantities of toxine a fatal amount 
will not be reached till all the toxone has been set 
free and its proportion of the antitoxine annexed by tlie 
toxine. 

The following illustration of the interaction of antitoxine 
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and toxine in diphtheria, by means of an analogous process 
in ordinary chemistry, is given by Emery. ^ 

" You rememl)er that in estimating chlorides by titration 
with silver nitrate you add a little chromate of potash to 
the solution to be tested. The silver has a greater affinity 
for the chloride than for the chromate, and you get a white 
precipitate of silver chloride until all the soluble chlorides 
have been deconi|>osed, and then you begin to get a chocolate- 
coloured precipitate of silver chromate. In precisely the 
same way, when you add antitoxine to diphtheria poison, 
the first iK)rtion added goes to combine with the proto- 
toxoids, and these must be completely saturated before any 
toxine is neutralised/' 

In addition to the above facts, there are certain 
peculiarities about the mixture resulting from addition 
of antitoxine to toxine, which throw doubt on the 
explanation of their interaction as a simple chemical com- 
bination. Thus, a mixture of toxine and antitoxine may 
be made which is neutral for a mouse, but which when 
injected into a guinea-pig may cause toxic symptoms. 
Again, if the mixture be heated to 100"* C, the antitoxine 
is destroyed and the toxine remains unneutralised. Simi- 
larly, if the mixture be passed through a porcelain filter, 
the toxine passes through in the filtrate, while the anti- 
toxine is retained behind ; while if the same mixture be 
injected into an animal, the toxine may be eliminated in 
an active condition in the urine. It seems difficult to 
explain these phenomena on the basis of a simple chemical 
combination. Some authorities have maintained that anti- 
toxine does not act directly on the toxine, but indirectly 
through the medium of the living cell, which it stimulates 
in some way to resist the poison (lloux, Biichner). Danysz 2 
considers that toxine and antitoxine may combine in 

' Sf. JUirtholomew' 8 JIosp. Jouni.^ Dec. 1902, p. 37. I am much 
indebted to this article for the clear account therein given of 
the rea< tion of toxine and antitoxine in diphtheria. 

'^ Ann, de VInat. Pasteur, 1902, p. 345. 
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different proportions to form a series of "compounds," 
somewhat analogous to the series of oxides of nitrogen, 
NgO, NgOg, N2O3, &c. ; and Bordet,^ who also holds this 
view, considers that toxone is in reality a molecule of toxine 
incompletely saturated with antitoxine. The question is a 
very difficult one, and cannot be decided on the data at 
present available. It seems probable that a definite 
chemical combination occurs, but that the affinity between 
the two substances is comparatively slight, so that the 
combination only takes place slowly, and is readily undone. 

In the case of the toxine and antitoxine of tetanus, 
Behring 2 considers that a third body, which he calls the 
" conductor," is necessary to bring about combination, this 
body acting in the same manner as the copula in haemolysis. 
If this is proved to be the case in tetanus, it is almost 
certain that the interaction of other toxines and antitoxines 
will be found to be produced in the same manner. 

Some interesting experiments by DOnitz ^ throw light 
on the action of toxine and antitoxine within the body of a 
living animal. This observer found that if a dose of toxine 
was injected into a rabbit, it would be neutralised by the 
same amount of antitoxine which would neutralise it in 
vitro, provided that the latter were given within a space of 
nine minutes. If more than this time had elapsed, it was 
necessary to administer a considerably larger dose of the 
antitoxine ; but if this larger quantity were given, it was 
still possible to prevent the appearance of any serious ill 
effects. If, however, a longer space of time than about two 
hours were allowed to pass after the toxine had been given 
and before the antitoxine was injected, no amount of thg 
latter would suffice to avert a fatal issue. It would appear 
from this that we can distinguish three separate periods, 
corresponding with distinct stages in the process of intoxi- 
cation : — (1.) At first the poison is circulating in the blood, 

1 Ann. de VInst. Past., 1903, p. 185. 

'^ Deutseh. med. Woch., Aug. 27, 1903. 

' Arch. Internat. de Pharmacodyn,, iJd. 6, 1899. 
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and has not yet attacked the cells. (2) Later on it has 
entered into some sort of combination with them, but this 
is so loose that the presence of a large quantity of anti- 
toxine is capable of withdrawing the toxine from them 
again. (3) The toxine has become so firmly fixed to the 
cells that no amount of the remedy is capable of undoing 
the combination. What constitutes the difference between 
the two last stages is unknown. Perhaps in the former of 
the two the toxine has only attached itself to the side- 
chains, whereas in the latter it has entered into combina- 
tion with the whole body of the cell-protoplasm. 

The experiments just recorded point to the necessity 
for the earlv administration of anti toxine when used as a 
remedy for diphtheria. It is important to give it before 
the poison has gained so firm a hold upon the cells that it 
can no longer be withdrawn. It is fortunate that diphtheria 
is a disc^ase in which it is possible to recognise the existence 
of infection at a cotnparatively early stage, since the false 
membmne appears on the fauces some time before any pro- 
found intoxication of the entire system has taken place. 
To this fact is due, no doubt, the infinitely greater succass 
that has attended the use of diphtherial antitoxine as com- 
pared with that prepared for tetanus. In the latter disease 
the existence of the infection is only recognised by the appear- 
ance of the symptoms of general intoxication. It is then, 
in many cases, already too late to hope for good results 
from the administration of antitoxine. Statistics are given 
later which afford incontrovertible clinical evidence of the 
value of early injection of diphtherial antitoxine. 

Strength of Antitoxic Serum. — For human use it 

is important to possess a serum containing a large niunber 
of antitoxic units in a small volume, since it is not 
desirable to inject a larger quantity of the fluid than is 
absolutely necessary. Not only does the injection of a large 
dose cause a considerable local swelling, which is only 
slowly absorbed, but the various unpleasant effects which 
at times follow an injection are dependent to some extent 
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on the actual volume of the serum which is administered. 
The majority of serums on the market contain 300 to 500 
units in each cubic centimetre. Hence it is not often 
necessary to give more than 5 cc. for a dose. Stronger 
specimens still can be obtained at a higher price. Diph- 
therial antitoxine is generally supplied in liquid form, made 
up with a little antiseptic as a preservative. It can also be 
obtained in the desiccated fonn. Accoi*ding to Chiadini ^ 
it appears to keep well for a period of at least eighteen 
months. After two years it begins to deteriorate a little, 
but still possesses considerable antitoxic power ; after four 
years it is valueless. Ordinary degrees of light and heat 
do not affect its potency, nor does the addition of anti- 
septic agents. 

Value of Antitoxine. — It is extremely difficult to 
obtain definite proof of the curative value of any drug, 
since the course of almost every disease is variable, and 
sudden improvements and relapses are liable to occur from 
natural causes, apart from the action of any remedy. The 
fluctuations are often ascribed to any drug which is being 
tried in the case, and there is no means by which the 
question. Post hoc or Propter hoc? can be decided. In the 
case of diphtheria the natural variations of the disease are 
even more marked than in many other disorders, and it is 
impossible to judge of the efficacy of antitoxine with any 
approach to accuracy in individual cases. 

Dependence must therefore be placed to a great extent 
on collected statistics. Even here a manifest source of 
fallacy is introduced by the undoubted fact that infective 
diseases exhibit great fluctuations in virulence when viewed 
over considerable periods of time, the mortality from them 
rising and falling in accordance with obscure periodic laws 
which are not well understood. Hence a fall in the mor- 
tality of an infective disease may occur apart from any new 
remedy which has come into vogue during the period of 
time under consideration. In the case of diphtheria there is 

1 Qazzelta degli Oapedali, 1902. No. 60, 
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n^tuson to lieliovt* tliat the disease has become more common 
in rrcriit y('ai*s, and also that the type of case seen is, on 
th(» whol««, h'ss viruh*nt aitaH from the use of antitoxine — 
than used to he the case. It does not seem, therefore, to 
Ik* loj^ioiil to iiscrilK* all the reduction which has iin- 
donUtfdly taken place in the mortality from diphtheria to 
this HMiiedy. We have to remember also that, as previously 
stilted, there is a tendency to class as diphtheria, owing to 
the mere i)n*sence of B. diphtheriie in the throat, cases 
which in earlier days would not have been considered to be 
Buttering from this disease {e.g, cases of mild sore-throat 
without any formation of membrane, which would in- 
fallibly recover without any treatment) ; such instances 
swell tht» numl>er of cases of diphtheria without adding to 
the deaths which occur, thus reducing the rate of mortality. 
All these facts must be taken into account when we 
endeavour U) form a scientific judgment as to the inter- 
pretation to be placed upon the available statistics with 
regard to the influence of antitoxine on the course of diph- 
tlieriji. With this preliminary caution we may proceed to 
consider the figures actually given by different authorities. 

A very instructive table is to be found in the Reports 
of the Metropolitiin Asylums Board, giving the total number 
of admissions of cases suffering from each of the notifiable 
diseases, and the mortality which occurred in the Board's 
hospitals and throughout the country in each class. From 
it we extract the following data with regard to diphtheria. 

From the table (page 79) we see that a very marked 
diminution has occurred in the case-mortality in the 
hospitals under the Metropolitan Asylums Board since the 
use of antitoxine came into fashion. Reasons have already 
l^een given for thinking that not all of this apparent 
diminution can be rightly attributed to the new remedy, 
and if these statistics stood by themselves some doubt might 
still exist as to the value of antitoxine. But these figures 
are confirmed by reference to those obtainable from other 
parts of the country and of the world. Almost everywhere 
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the mortality from diphtheria seems to have fallen at 
about the same time, and this simultaneous effect can 
hardly be entirely a coincidence. 

Table ^ Showing Admissions from Diphtheria to Metro- 
politan Asylums Board Hospitals for the Years 1888-1901, 
WITH Mortality-rate in these Hospitals and Throughout the 
Country. 



Year. 


Admissions. 


Deaths. 


Percentage Mortality 
in Hospital. 


Annual Mortality 

per 1,000 Estimated 

Population. 


1888 


992 


46 2 


59-352 


0•32^ OS 


1889 


722 


275 


40-74^ 


%m^ 


0-39 


M4 




1890 


912 


316 


33-55 


°«| 


0-33 


22 • 


1891 


1312 


397 


30-63 


®c§-2 


0-32 f ^^ i 


1892 


2009 


583 


29-35 SS^- 
30-42j^l.S 


0-46 ^ £ 


1893 


2848 


865 


0-76; ^ i 


1894 8 


3666 


1035 


29-29 


0-62 
0-54"^ 




1896 


3638 


820 


22-85^ 






1896 


4508 


948 


21-20 


tl'S^ 


0-60 


t^ 


1897 


5073 


987 


17-69 


=^i 


0-51 


°^^ 


1898 
1899 


6566 
8676 


991 
1182 


15-37 u*: 

13-95 i 1 a 
12-27 ^^3 


0-39 
0-43 




1900 


7873 


988 


0-34 


<l 


1901 


7622 


849 


11-15; 


029J 


^ >» 


Totals 


56,151 


10,282 


18-50 





It is noteworthy that, while the case-mortality in these 
hospitals has so distinctly fallen, as shown by the table, yet 
the general mortality throughout the country has not 
decreased. This is due, without doubt, to the wider 
distribution of the disease. The total number of cases has 

^ Extracted from the Report of the Statistical Committee of the 
Metropolitan Asylums Board. Annual Meport, 1901, Vol. ii., p. 33. 

2 Number of cases too small to be of value. These figures are 
therefore neglected in computing averages. 

^ Treatment with antitoxine introduced during this year. 
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risen ; and although the fatality (case-mortality) has de- 
creased, the whole number of deaths is as large as ever, or 
even larger. This may ]>erhaps be due 'to the increased 
herding-together of children in schools, owing to more 
efficient working of the Education Acts which ensure their 
attendance. In any case it does not affect the question of 
the curative value of antitoxine. Whether a larger prophy- 
Lactic use of the remedy might not reduce the incidence of 
the disease is another question. 

To show that the fall in diphtheria-mortality has been 
general throughout the world, and not confined to any one 
place, it may be worth while to quote statistics derived from 
a variety of sources. Speaking of New York, Billings^ 
states that since the introduction of antitoxine a steady fall 
in both the number of cases and the number of deaths took 
place. He gives the following table, which may be com- 
pared with that on p. 79. 

MoRTALiTV IX New York before and after the ixtroduction 

OF Antitoxine (Billings). 



Year. • 


Cases. 


Deaths. 


Mortality 
per cent. 


1891 


5,364 


1,970 


36-7 


1892 


5,184 


2,196 


40-6 


1893 


7,021 


2,558 


36-4 


1894 


9,641 


2,870 


29-7 


1895'^ 


10,353 


1,976 


191 


1896 3 


11,399 


1,763 


16-4 


1897 


10,896 


1,590 


14-6 


1898 1 


7,593 


923 


12-2 


1899 


8,240 


1,087 


131 



The death-rate per 10,000 inhabitants previous to the 
advent of antitoxine was, according to Park, from 15 to 18*8. 
After its introduction it fell to 7, the average number of 
deaths in New York falling from 2,733 to 1,341 (taking the 
averages of fifteen years before and four years after anti- 

1 New York Med. Joum., 1900, Feb. 17. 

2 Antitoxine introduced. ^ Use of antitoxine became general. 
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toxine). In Berlin ^ the average deaths per 100,000 
inhabitants in pre-antitoxine days were 90 -6; they fell to 
38*5 in the five succeeding years. In Paris the fall was 
from 62*2 to 13-3. It cannot be maintained, indeed, that 
all this reduction in mortality was due to antitoxine ; 
sanitary measures probably helped to reduce the death-rate, 
and the virulence of the disease may have diminished ; but 
the coincidence of a fall all over the world about the time 
of the introduction of antitoxine is too remarkable to be 
altogether accidental. 

With regard to case-mortality, Rosenthal 2 collected 
from various sources figures showing that of 183,256 cases 
treated before antitoxine was introduced, the mortality 
amounted to 38*4 per cent. Among 132,548 cases after its 
use became general the mortality was only 14*6. Felix ^ 
states that in Roumania before the remedy was known the 
mortality of diphtherial cases was from 41 to 63 per cent. ; 
the introduction of antitoxine has reduced the fatality 
among cases treated with serum to 12 per cent. Jaeger* 
states that in Mulhausen the de^th-rate was 52 to 55 per 
cent, in ordinary cases^ and 65 to 68 per cent, in laryngeal 
cases in pre-antitoxine days ; whereas it fell to 1 6 to 20 per 
cent., and 20 to 25 per cent, respectively after its use 
became general. Similarly for Vienna Siegert^ states that : 

From 1892-4, of 4,894 cases of diphtheria, over 2,000 
died ; mortality nearly 50 per cent. 

' From 1895-7, of 4,143 cases of diphtheria, only 817 died ; 
mortality about 25 per cent. 

Enough has now been said to show that the diminution 
in mortality is not confined to any one part of the world. 
Other evidence in favour of the remedy may be quoted of 
an even more convincing nature. 

1 Cobbett, Edinburgh Med. Joum., 1900, I., p. 621. 

2 Med. Press and Cire., 1900, II., p. 293. 

8 Spitalul, 1902, No. 5 (Abstr. Centralbl. /. inn. Med,y 1902, 
p. 799). 

* Deutsch. Arch.f, klin. Med.j LXXIII. 
5 Jahrbuchf. Kinderheilk., Js^n,, 1902. 

G 
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When diphtlieria affects the larynx the cases are 
generally more severe than those which are confined to the 
fauces. Goodall ^ gives some figures as to the efficacy of 
antitoxine in these casea Before the days of antitoxine, 
of 3,275 cases of laryngeal diphtheria, 1,008 recovered (33*8 
per cent.), giving a mortality of 66*2 per cent. After the 
introduction of the remedy, of 3,486 cases of the same 
nature, 2,522 recovei-ed (72-3 per cent.), a mortality of 27*7 
per cent. Taking cases of tracheotomy, the pre-antitoxine 
rate of recovery was under 30 \ier cent. ; after serum-treat- 
ment was inaugurated, the i)ercentage of recoveries rose to 
63*4 per cent. The improvement is very remarkable. 
Goodall concludes : — ** Whereas in the pre-antitoxine days, 
of 100 tracheotomies you could not expect to save more 
than 29, you can now expect to save no fewer than 53. . . 
I think I am fully justified in claiming for antitoxine the 
great reduction in mortality among cases of laryngeal 
diphtheria that these figures reveal.'' 

Park 2 records 802 laryngeal cases with a mortality of 
23 per cent., and Piekema*^ 3G9 cases of tracheotomy or 
intubation with 28*2 per cent, of deaths. Both these 
authors ascribe the success met with to the use of antitoxine. 

Still more conclusive evidence is afibrded by the 
statistics of the comparative rates of mortality in cases in 
which the remedy is administered early in the disease, and 
in those in which a delay of some days has occurred. The 
reason for this has been already pointed out (p. 75). 

The table on page 83 gives the results obtained by the 
Collective Investigation Committee of the American Pedia- 
tric Society ^ (1896). 

Larkins '^ records 132 cases treated with antitoxine; 

1 Brit. Med. Jouru., 1899, I., p. 197. 

2 Journ. of the Awei'ican Med. Assoc. ^ 1900, April 14, p. 902. 

3 Inaugural Dissertation^ Utrecht, 1900 (Abstr. Centralbl. f. inn. 
Med., 1902, p. 799). 

* Journ. of the American Med. Assoc, 1896, II., 27; cf. Biggs' 
Med. News, 1899, July 22 and 29, pp. 97 and 137. 
5 Ibid., p. 7. 
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among 63 of these, who 
I'eceived injections on the 
first or second day of the 
disease, none died. Park i 
states that among 319 cases 
injected on the first day of 

S i ^ '* SI S 3 ■ Si the illness the moitality 

was 4 pel- cent.; of 850 

I tj S u I ■■■ cases treated on the second 

day 57 died (mortality : 
6-7 per cent.) ; among 573 
injected on the third day 
the mortality was 13 j)er 

The report of the Srook 
Hospital (1902) under the 
Metropolitan Asylnms 
Board shows very similar 
results. The table on ' 
page 84 sets forth the 
results obtained at this 
hospital during the six 
years 1897-1902. 

Thus for six years no 

death has occurred at tliis 

hospital among the cases 

^ ' r-g -^ -. i~! treated on the first day of 

3 1^ -^ ' : ' ^^^ disease. 

Tlie f^reeraent shown 
among these sets of figures 
is very striking. There is 
invariably a progressive in- 
crease in the mortality as 
the remedy is given later and later after the onset of 
the attack. No stronger evidence could be found in 
favonr of the use of antitoxine in this malady, for there 
" Jour. Atuer. Med. Auoc., 1900, April 14, p. aO'i. 
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is absolutely no explanation which we can adduce for this 
steadily-increasing death-rate according to the delay in the 
use of the remedy, other than the hypothesis of its curative 
power when administered sufficiently early. This accords 
exactly with what is theoretically to be expected of the 
serum and with experimental results obtained on the lower 
animals. 

Table hhowixg pERCENTA(iE Mortality at the Brook Hospital 

(1897-1902) ACCORDING TO THE DaY OX WHICH TREATMENT 
WAS REGUN.* 



Day of the 

DiriKAHK ON WHICH 

Treatment 
commenced. 

First 

Second 

Third 

Fourth 

Fifth and after 



Mortality Per Cent. 



1897. 
0-0 


1898. 


1899. 


1900. 


1901. 


00 


0-0 


0-0 


00 


5-4 


5-0 


3-8 


3-6 


4-1 


115 


14-3 


12-2 


67 


11-9 


19-0 


18-1 


20-0 


11-9 


12-4 


21-0 


22-0 


20-4 


21-2 


16-6 



1902. 



4-6 

10-5 

19-8 

19-4 



While pronouncing thus unhesitatingly in favour of the 
use of antitoxine, it is necessary to bear in mind that some 
authorities who have had good opportunities of judging of 
its value are still sceptical as to its usefulness. Among 
American writers we may mention Hermann 2 and Rupp,^ 
both of whom decline to subscribe to the general vei-dict 
in favour of the remedy. On the Continent of Europe 
Kassowitz ^ is equally opposed to the prevailing view. He 
points out that although a fall in the mortality from diph- 
theria was experienced in many parts of the world 
synchronously with the introduction of antitoxine, yet 
latterly the death-rate has risen again in many places in 
spite of its continued use. Hence the fall in the death-rate 
cannot be ascribed to the antitoxine. There is much truth 
n this argument, as has already been admitted ; and if we 

1 Lancet, Sept. 12, 1903, p. 777. 

2 Med. Record, Jan. 20, 1900. 

3 New York Med. Journ., Jan. 27, 1900. 

4 Therapeutische Monatahefte, 1902, pp. 223, 499. 
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had only this means of judging of the value of antitoxine, 
it would be necessary to return a verdict of "not proven." 
But the evidence available as to the progressively-greater 
mortality in cases of diphtheria, according as they are left 
for increasing periods of time without antitoxine, appears 
to constitute irrefragable evidence of the value of the 
remedy. 

Mode of Administration of Antitoxine.^— As a 

rule diphtherial antitoxine is administered subcutaneously, 
the injections being given in the flank or groin. The site 
of injection is immaterial. If the child is restless it may 
be advisable to interpose a piece of rubber tubing between 
the needle and the syringe in order to lessen the risk of 
breaking the former in the wound. Antiseptic precautions 
must be observed, the skin being cleaned up with soap and 
water, and then with lysol or some similar antiseptic. 

In severe cases it has been recommended to give the 
remedy intravenously^ in order that it may be more quickly 
absorbed and so manifest its effects more speedily. For the 
purpose of intravenous injection a general anaesthetic must 
be administered in the case of a child. For an adult 
cocaine-anaesthesia would probably be sufficient. Any vein 
may be selected, the median basilic at the bend of the 
elbow being the most usually chosen. An incision must be 
made over the vein, and the vessel isolated. An opening is 
made into the vein, and the needle (which should not be a 

^ Diphtherial antitoxine can be obtained from the Lister Institute 
of Preventive Medicine, or from its agents, Messrs. Allen & Hanbury, 
in bottles containing 1,000 units (liquid), price 2s. 6d. ; or from 
Messrs. Burroughs, Wellcome & Co. in phials containing 2,000 
units (price 2s, 6d.) or 1,000 units (price Is. 3d.), or a serum of a 
higher potency containing 1,000 units in 1 cc. (price 28. 6d. per 1,000 
units); or from Messrs. Parke, Davis & Co., either as "standard" 
serum (X) containing under 400 units per cc. (price Is. for 500 units, 
2s. 6d. for 1,600 units, &c.), or a "special" serum (XX) of higher 
potency (1,500 units, price 4s. 9d., up to 6,000 units for 15s.); or 
from Messrs. Meister, Lucius & Briiniiig (Behring's serum) in 
strengths of either 500 or 600 units per cc. (200 units, prophylactic, 
price Is. ; 600 units, 2s. 9d. ; 1,500 units, 6s. lOd. in the weaker 
serum). 
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sharp-pointed one) is thrust into the vessel through this. 
A ligature is passed round both vein and needle, and tied ; 
and the antitoxine is slowly injected. The vein may 
subsequently be ligatured on either side of the incision, if 
there appears any tendency to bleeding ; but if the opening 
has been a small one, this will not be necessary in most 
cases, pressure alone sufficing to stop haemorrhage. In the 
case of adults in whom the veins are larger, it may be 
possible to thrust a sharp needle directly into the vein 
througli the skin, when the vessel has been rendered 
prominent by a ligature. 

In order to avoid any risk of injecting air into the 
vein, it is necessary to see that the needle is full to the end 
with the serum before it is passed into the vein. There is 
in reality no danger to be apprehended, if only a bubble or 
two of air enter a vein ; and in veins at a distance from the 
heart there is not a sufficient negative pressure to suck air 
in, apart from any injected. Still, care should be taken in 
this respect, a linger being kept on the vein on the central 
(cardiac) side of the point incised to prevent any possibility 
of mishap. 

The serum should be warmed to body-temperature 
before it is used intravenously ; and if it exhibit any undue 
opacity or deposit, it should be strained through sterilised 
muslin before it is drawn into the syringe for injection. 

It would seem advisable to make use of the intravenous 
method of injection in cases in which the symptoms are 
severe, and especially in those in which the use of the 
serum has Ixjen unduly postponed. Good results are re- 
ported by Cjiirns^ from this mode of procedure, very large 
doses of antitoxine being used in some cases. (See below.) 

Tlie antitoxine has also l)een given by some physicians 
by the rectum and by the mouth. Parkinson ^ states that 
for tlie last two years rectal administration has been 
carried out at the Tiondon Temperance Hospital, and that 
the results obtained have been very satisfactory. He 
I Lancet, 1902, II., Dec. 20. « Brit. Med. Journ., 1903, June 20. 
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recommends this method as being free from some of the 
disadvantages of subcutaneous injection, such as local 
abscess-formation. Paton,i who advises the use of diph- 
therial antitoxine in septic conditions not due to the B. 
diphtherise, administers the remedy by the mouth, stating 
that it is not affected by digestion ; and Zahorsky 2 advises 
the administration of antitoxine in milk to children when 
a prophylactic dose is needed. On the other hand, Hewlett ^ 
states, as the result of experiments on rabbits and guinea- 
pigs, that antitoxine is not absorbed from the stomach or 
rectum. More experience seems tx) be needed on this point. 
There is, at any rate, no doubt that antitoxine acts well 
when administered by hypodermic injection, and as the 
drawbacks to this method are very insignificant, it seems 
wiser to use this method (or the intravenous) at present for 
the treatment of the disease. 

Prophylactic Use of Antitoxine.— It has been 

ascertained beyond reasonable doubt that the administra- 
tion of a comparatively small dose of antitoxine will pro- 
duce immunity to the disease for a certain period of time. 
According to Netter,* the protection begins about the end 
of the first day (24 hours) after the injection, and lasts for 
about three weeks. The protective substance is probably 
excreted in the urine, <fec., or possibly anti-antitoxines may 
be formed. There seems no reason to hold that the length 
of the immunity is at all proportional to the dose adminis- 
tered. As a result of Netter's communication and the 
discussion which followed it, the Academy of Medicine 
(Paris) passed resolutions ^ to the following effect : — 

1. Preventive injections of 1,000, or at most 2,000, 
units of diphtherial antitoxine produce immunity 
to the disease. This protection is transitory in 
character. 

1 Australas. Med. Gazette, 1902, Feb. 20. " 

2 Archives of Pediatrics , March, 1899. 

3 Lancet, 1902, I., p. 375 (Proc. Path. Soc. Loud.), 

4 Bull, de VAcad. de Med., Paris, March 18, 1902. 
« Brit. Med. Journ., 1902, I., 997. 
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2. Such preventive injections are specially to be 

recommended in the members of families in 
which cases have occurred, in order to immunise 
the other children. 

3. They are also called for in schools, cr^hes, hos- 

pitals, <fec., where children are collected together, 
so that infection is easily spread from one to 
another. 

4. The injections of antitoxine are useful in patients 

suffering from scarlet fever and measles, in which 
affections diphtheria is a frequent complication. 

5. The prophylactic use of antitoxine does not pre- 

clude the carrying out of ordinary measures of 
disinfection and isolation. 

In the presence of an epidemic of diphtheria, among 491 
children exposed to infection, who did not receive protective 
injections, 87 contracted the disease ; while of 502 children, 
who had been similarly exposed and were given protective 
injections, only 13 became infected. Of these, 7 developed 
the disease within 24 hours, and 6 more than a month after 
the injections. Since the immunity does not begin for 24 
hours and passes off in approximately three weeks, these 
figures strongly support the prophylactic use of the remedy.^ 
It might be well, owing to the transient nature of the 
immunity obtained, to repeat the dose if the epidemic con- 
tinued, so as to renew the protection. Even apart from 
re-infection, virulent bacilli have been known to remain 
present in the throats of children for long periods of time. 

American writers are strongly in favour of the preven- 
tive use of antitoxine. Biggs ^ states that out of 3,109 
cases in which these were given, only 9 children acquired 
diphtheria; and Park ^ records 6,506 cases of immunisation, 
among which 28 developed the disease within 24 hours, 
before the protection was effective, while only 27 were 

^ Netter, loe. cit. 2 Quoted by Billings. 

3 Journ, of the Amer, Med. Assoe., 1900, i., p. 902. 



DOSE OF ANTITOXINE. 89 

attacked after this limit of time, of whom one died of scarlet 
fever. Billings^ attributes the rise which has occurred in 
the diphtheria-rate to the neglect of the prophylactic use of 
the remedy. 

On the other hand, Violi ^ considers that antitoxine is 
not a sure preventive of diphtheria, and advises that it 
should only be given when there is a certainty that a child 
has been exposed to infection. Netter ^ admits that such 
injections need not be given if the children can be kept under 
observation and apart from others whom they might infect. 

It cannot be denied that there is a real, though exceed- 
ingly small, risk in the administration of antitoxine. Hence, 
in private practice among well-to-do patients it does not 
seem advisable to give preventive injections as a routine 
procedure. In the case of institutions, such as schools and 
hospitals, the question stands on a different footing ; here 
there is a very great liability to spread the infection from 
one patient to another, and some measures of precaution are 
certainly advisable. A via media may perhaps be found 
in such cases in taking " swabs " from the throats of 
children exposed to infection, and only giving prophylactic 
injections to those who are found to have diphtheria-bacilli 
in their fauces. It is well to remember the frequency with 
which epidemics of diphtheria are kept alive by means of 
children who are the subjects of chronic nasal discharges. 
This condition seems to have little effect on the health of 
the child itself, but the virulent bacilli contained in the 
nasal secretion are capable of infecting others. Hence, 
children who have been brought into contact with such 
nasal cases must be looked upon as having been exposed to 
infection and treated accordingly, whether it be thought 
better to administer antitoxine at once or to wait for the 
result of swabbing the throat. 

Dose of Antitoxine. — The tendency at the present 
time seems to be in the direction of giving large doses of 

^ Ifew York Med, Journ. 1900, Ixxi., p. 2o4. 

2 Tediatriaf June, 1900. ^ Loc, cU, 
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antitoxine. For prophylactic use 150 units seem to have 
been generally employed in America, but this dose was 
found to be too small, and the Health Authorities ^ there 
now recommend the use of not less than 300 units. Jump 3 
recommends 250 units for children under two years, 500 
for older children and adults. The Paris Academy, whose 
resolutions were alluded to on pages 87-88, speak of 1,000 to 
2,000 units as a protective dose. There can be little doubt 
that these last are unnecessarily large. Perhaps, on the 
ground of American experience, we may consider that 300 
units is the proper dose for a child, adults receiving more — 
say, 500 units. It seems advisable to repeat the dose, if 
liability to infection continues, or if virulent bacilli should 
still be found in the child's throat. 

For purposes of treatment much larger amounts are 
required. Villy ^ advises that in cases of moderate severity 
2,000 units should be given at once, and repeated in 12 
hours if necessary. In severe cases 8,000 to 12,000 units 
may be the first dose, followed by 2,000 to 8,000 units eveiy 
12 hours. McCuUom* gave an initial dose of 8,000 units 
in a severe and apparently hopeless case, following this up 
with 4,000 units some hours later, and repeating the dose 
every four to six hours till 92,000 units in all had been 
administered. The patient recovered completely. Satter- 
thwaite -^ states that the initial dose for an infant under 
one year is now established at 2.000 units ; for one over 
one year, 3,000 ; and for an adult, 4,000 to 6,000 units. 
Cairns ^ puts the doses for subcutaneous injection at from 
4,000 to 20,000 units ; while intravenously he administers 
from 20,000 to 35,000 units. He holds that in severe cases 
an initial dose of 20,000 units is not excessive. Welden^ finds 
that the best results are obtained by administering 2,000 

^ Billings, New York Med. Journ., 1900, Ixxi., p. 234. 
" Philad. Med. Journal, Jan. 11. 1902. 

3 Med. Chronicle, 1900, ii., p. 241. ^ Quoted by Satttrthwaite. 

5 Med. News, May 16, 1903, p. 936. « Lancet, Dec. 20, 1902. 
7 New York Med, Jotirn. and Philadelphia Med, Journ., Nov. 14, 
1903, p. 927. 
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units every three hours until the severity of the symptoms 
diminishes. 

On the other hand, some authorities recommend the use 
of small doses for treatment. Thus Musser ^ advises that 
children from 6 to 8 years old should receive only 500 units, 
while those over 8 should have 1,000, repeated if necessary 
in 8 to 12 hours. GeSrier & Rozet^ also recommend that 
small -doses should be used ; and these writers do not 
advise the use of prophylactic injections, on account of their 
occasional bad effects. 

Antitoxine and Post-Diphtheritic Paralysis.— 

There is reason to believe that since the introduction of 
antitoxine the percentage of cases which suffer from paraly- 
sis after diphtheria has definitely increased. This effect 
was at first attributed to the remedy, and some prejudice 
against the use of it was thereby excited. As a matter of 
fact, it seems that the antitoxine has little, if any, power of 
counteracting the poison which produces the paralysis. 
It does, however, as we have just endeavoured to prove, 
save the lives of many patients who would otherwise have 
died. These severe cases are those which are most likely to 
exhibit paralysis later on. Hence arises the increase in the 
percentage of cases of paralysis ; it is in reality a testimony to 
the value of the antitoxine, and not a drawback to its use. 

With regard to the incidence of paralysis after diph- 
therial intoxication, Hansom ^ comes to the following con- 
clusions as the result of experimental researches : — 

" 1. Paralysis may certainly be expected after intoxica- 
tion with not less than one-quarter of a minimal fatal dose. 
With doses between one-quarter and one-eighth of this 
amount paralyses occur, but are not constant, and below 
one-eighth no paralysis was noticed. 

** 2. The larger the dose of toxine the severer will be the 
paralysis, if the animal survives long enough. 

1 University Med. Magazine (Philadelphia), March, 1900. 
' 2 Arch, de Med. des Enfants, Feb., 1900. 
* Joum. of Fathology and Baeteriology^ 1900, p. 397. 
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"3. Neutralijsed mixtures of toxine and antitoxine con- 
taining only about one lethal dose or less do not appear to 
cause paralysis. 

"4. Antitoxine, given 15 to 22 hours after intoxication 
with doses of toxine not greater than the lethal dose, 
exercises in large doses a mollifying influence on the sub- 
sequent paralysis. . . . Small doses of antitoxine have no 
evident effect in diminishing the paralysis. 

" 5. Transferring the results to practice among human 
beings, we may expect liberal doses of antitoxine given 
early in the illness to influence favourably the subsequent 
paralysis ; and this favourable influence is likely to mani- 
fest itself, not so much in the local paralyses (soft palate, 
&c.), as in such fatal symptoms as failure of the heart. 
Severe cases are, however, likely to be followed by some 
paralysis in spite of even large doses of antitoxine." 

It would appear from these results that so far from 
having any part in the production of paralysis, antitoxine 
has some power of restraining it. It does not seem to 
neutralise directly the toxic material causing the paralysis. 
Possibly the principal toxine, which causes death, also 
modifies the cells of the nervous system in some way which 
renders them more susceptible to the paralysing toxine ; so 
that, if the former is neutralised by antitoxine, the latter 
does not so readily produce its eflects, but is still capable of 
doing so if it exists in sufficient amount in an individual 
case. 

Ill Effects of Antitoxine. — The modes in which the 
injection of the serum of any species of animal into an 
individual of another species is liable to be followed by 
toxic symptoms, has already been considered (p. 55). 

It cannot be denied that in a certain number of in- 
stances the injection of diphtherial antitoxine has been 
followed by death, directly attributable to the action of the 
serum. A melancholy instance was afforded by the sudden 
death of Professor Langerhans' infant son after a prophy- 
lactic dose of the serum. Most of the fatal cases recorded 
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have been of the same sudden character. A case in which 
death took place at a later period, and was due to the same 
vascular disturbance which gives rise to the rashes often 
seen after injections of antitoxine, is recorded by Gerlach.i 
In this instance an erythematous eruption appeared on the 
eleventh day after the injection; on the twelfth day there 
were clonic spasms, without the presence of albumen in the 
urine or any symptoms of uraemia. At the necropsy there 
was found an extradural meningeal haemorrhage, which 
was attributed to a leakage from the vessels, analogous to 
the escape of serum, and sometimes of blood, seen in 
erythema multiforme. Gerlach alludes to another case in 
which cerebral symptoms came on after an injection, but 
which did not end fatally. 

Holladay records a case ^ in which a man of twenty- six 
received an injection of only 500 units. This was followed 
by tingling in the arm, where the dose had been adminis- 
tered, cyanosis, constriction at the chest, and collapse ; 
recovery subsequently ensued. 

Saward^ records two cases in which sudden syncope 
occurred after injections of antitoxine. It must be re- 
membered, however, that the toxine of diphtheria acts on 
the cardiac muscle, producing a tendency to syncopal 
attacks ; it is therefore very doubtful whether these cases 
were really to be attributed to the antitoxine, since they 
might equally well have been caused by the disease itself. 

The most frequent ill effects brought about by injection 
of serum are cutaneous eruptions * of various kinds. Park ^ 
observed them in 3 per cent, of his cases, Stanley ^ in over 
25 per cent., and Villy ^in 35*2 per cent. The rashes are 

1 Therapeut, Monats., April, 1903, p. 198. 

2 Virginia Med. Semi-Monthly (quoted Indian Lancet, March 23, 
1903, p. 481). 

8 BHt. Med, Journ., 1902, i., 1025. 

* Galitsis, Tli,e8e de Faris^ quoted in Journ. de Med. et Chir, 
Pratiques, Sept. 25, 1903, p. 692, states that some eruptions occur- 
ring in diphtheria are due to infection with a special organism, 
Diplococcus hemipholus, and are wrongly attributed to the serum. 

B Brit, Med, Journ., 1902, i., 386. ^ J Op. cit. 7 Op. cit. 
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generally classified as (1) Eiythematous, (2) Scarlatiniform, 
(3) Morbilliform, and (4) Urticarial. They are all mani- 
festations of a condition which may be termed erythema 
multiforme, consisting in a tendency to vascular dilatation 
of different degrees and distribution, and escape of serum 
into the tissues (urticaria). 

(1) Erythema^ or simple localised hyperajmia, is the 
commonest form of rash. It may take the shape of a slight 
blush, either at the point of injection or elsewhere, or may 
consist of slightly-raised circinate patches, which may 
coalesce to form gyrate patterns. Favourite seats of this 
variety are the extensor surface of the limbs. Out of 1 1 2 
cases of rash noted by Stanley, fifty-eight were simple ery- 
thema. Its average date of appearance after the injection 
was the twelfth day, varying from the fourth to the twenty- 
ninth. It may be combined with urticaria (fifteen cases). 

(2) The scarlatiniform rash is a more pronounced 
form of the erythematous ; it is more intense and becomes 
widely generalised. Stanley noted this variety in six cases 
out of 112. It is often followed by desquamation. Leiner ^ 
states that this form of eruption tends to come out within 
the first five days after injection — an earlier period than 
that of most of the other varieties— that it starts from the 
point of injection ; that it is followed by peeling ; that it is 
contagious, and that it seems to protect against infection 
with scarlatina. The infection is difficult to eradicate 
from a ward in which cases have occurred. He concludes 
that it is true scarlatina, and compares it with the surgical 
variety of this disease. It is very possible that the cases 
observed by Leiner were of this nature, and there is no 
doubt that the diagnosis between a serum -rash and an attack 
of true scarlet fever must be difficult; but there is no 
reason to suppose that all cases of scarlatiniform rash after 
the administration of antitoxine are of this character. 

(3) Morbilliform eruptions formed less than 3 per 
cent, of Stanley's cases. They may be accompanied by 

1 men. JcHn, Woch., 1902, No. 43. 
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swelling of the face, conjunctivitis, and laclirymation, so as 
exactly to resemble measles. Even pyrexia may occur. 
Distinguishing points from true measles are that the rash 
comes out first on the limbs, instead of on the face and* 
behind the ears ; that gyrate patterns are met with ; and 
that there is no accompanying bronchitis (Villy). 

(4) Urticarial eruptions are common. They occurred 
in 30 of Stanley's 112 cases. They are met with at an 
earlier period after injection than the erythemata — from 
the fouiiih to the nineteenth day (average, 9th, Stanley).- 
The urticaria may be quite transient, or may last several 
days. The itching is sometimes very severe. A local 
urticaria round the site of injection may be seen. 

Pains in the joints are another inconvenience which 
may arise after injections of serum. They are not usually 
severe, but Taillens ^ records two cases in which they were 
accompanied by high fever and a rash ; in one of his cases- 
the pains were so intense that the child could not move at 
all, or bear the weight of the bed-clothes to rest on her. 
Villy noted joint-pains in 6*5 per cent, of his cases. 

Albuminuria may follow the use of antitoxine, but is 
not of any serious import. Actual nephritis is said to be 
rather diminished tlian increased by the use of this remedy. 
Suppression of urine is also more rarely seen in these days 
(Villy). A rise of temperature as a result of the antitoxine 
was observed by this writer in 19*8 per cent, of his cases. 

An interesting case illustrating the effects of idiosyn- 
crasy in relation to antitoxic serum is reported by Reckles.2 
He administered an injection of 4,000 units of antitoxine to 
a woman who was suffering from faucial diphtheria. A few 
days later, when she appeared to be convalescent, a severe 
urticaria developed, and shortly afterwards she was seized 
with a sudden attack of prsecordial pain and dyspnoea, with 
marked lividity of the face. In the next few days nine 
successive attacks of this nature were experienced, but in 

^ Revm Med, de la Suisse Romande, July 20, 1903, p. 463. 
2 Quarterly Med, Journ., Feb., 1903. 
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tlir nul tilt' ptieiit recovei-ed satisfactorily. It was subse- 
«HH'iitly loiiriit tliat two years previously she had receive^l 
an iiijrrti<>ii of antitoxine for diphtheria, and that she had 
oil that <»ooasion also suffered from attacks of dyspnoea and 
fvanosis. 

]^on*hman * states that antitoxic serum produces less ill 
t'lltvts if it is wai'med to 58^ C. before it Ls injected. This 
has i»uly a slij^ht effect in diminishing its potency. He 
<jU)t<s his t»xi>orience in 578 cases: in 193 of these the 
n'liHMly was j^von in the ordinary way, cold, and among 
th««s(» tlicro woro '22-7 per cent, of rashes. On the other 
hand, anioii«j 385 ^latients who received the warmed serum, 
only IT) 3 jmt tvnt. developed these troubles. 

Diphtherial Antitoxine in other Diseases.— Various 

wri((M-s havo detaile<l their experience with antitoxine in 
diseases othor than diphtheria. Thus Talamon has used it 
in i»n(»unionia (st»e p. 232) ; Paton recommends it for all 
scptio conditions, and thinks it has a definite influence on 
inflannnatory tissue (p. 219); Schapiro and Tsvietaieff 
li:i\ o triod it in orysii>ehis ; and Konarzsherski believes 
that it will cure whooping-cough. It is difficult to 
tako tlu'st' results seriously, since the most definitely- 
established fact at present with regard to serums is their 
specific nature, i.e. the power possessed by each of counter- 
acting the i)ois<)ns or killing the bacteria of that disease 
alone for which it is manufactured. It has, indeed, been 
suggested that diphtherial antitoxine may act as a stimulant 
to the production of leucocytes generally, and so may be 
useful in other diseases in which leucocytosis is beneficial, 
much in the same way as cinnamic acid is said to act in 
tuberculosis. This may possibly be the case, but at present 
the probabilities point rather to the supposed benefits of 
antitoxine in other diseases being due to fallacies of observa- 
tion, which are difficult to avoid in studying the action of 
any remedy. 

* Lieinkaya Meditaina, 1900, V,, No. 3. [(Abstr. in Pediatrics, 
1900, Vol. X., p. 316.) 
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Antitoxine in CoDJunctival Diphtheria.— An ti- 

toxine has proved of the greatest service in diphtherial 
infection of the conjunctiva. Emmet t Holt ^ states that 
without it total destruction of the eye generally results, 
whereas with its aid good results may be obtained. He 
administers 2,400 units as a dose. Stevenson 2 also bears 
testimony to the value of the remedy, as the result of a 
study of 43 cases ; he advises the use, along with the 
antitoxine, of a lotion of perchloride of mercury (1 : 5,000). 
The diphtherial nature of the affection must be established 
by bacteriological examination. 

Post-scariatinal Ear-disease.— On the other hand, 

curiously enough, in cases of middle-ear disease following 
scarlatina, in which diphtheria-bacilli appear to be the 
pathogenic organisms, antitoxine is said to act neither as a 
prophylactic nor as a curative agent, although the patients 
seem to obtain immunity to faucial infection by the bacilli.^ 

Diphtheria as a complication of other Diseases. — 

Diphtheria is liable to occur as a complication of scarlet 
fever and of measles. In the former malady the superven- 
tion of diphtheria constitutes a very grave condition, the 
mortality being very high. In measles, also, infection with 
diphtheria is very likely to occur. It has, therefore, been 
suggested that prophylactic injections of antitoxine should 
be given as routine treatment in both these diseases. If 
many cases of such superinfection have occurred in a 
scarlet-fever ward, then such treatment would certainly be 
advisable. Heubner^ states that a larger dose of the 
serum is needed to produce immunity in cases of measles 
than under other conditions (twice the amount), and that 
the duration of the protection is also shorter. Richardi^re ^ 
records that in the first four months of the year 1901 two 
to four cases of diphtheria used to occur each month in the 

1 Pediatrics, May, 1902. 

2 Brit, Med. /oMrw., March 22, 1902. 

5* Duacan Forbes, Journal of Pathology and Bacteriology, 1903. 

* Quoted by Netter, Bull, de I Acad, de Med., Paris, March 18, 1902. 

« Ibid. 
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measles-ward of a hospital. After this time all the children 
as they came into the ward were injected with antitoxine, 
and no more cases of diphtheria occurred. 

Nasal Diphtheria.^ — The ordinary acute faucial dij)h- 
theria may spread to the nose, and such cases show a very 
high rate of moi-tality. Large doses of antitoxine are 
called for by way of treatment. There is also a chronic 
nasal inflammation associated with the formation of mem- 
brane (membranous rhinitis), which affects the nose, and in 
which virulent diphtheria-bacilli are found. The patients 
do not suffer from the toxic symptoms characteristic of 
diphtheria, nor do they exhibit as a rule any distinct signs 
of ill health ; but the discharge from the nose is capable 
of conveying the infection to others. Indeed, it is probable 
that many epidemics of diphtheria, of which the origin has 
been obscure, might be traced to such chronic nasal disease, 
which may pass as an oi-dinary " cold in the head." It is 
doubtful whether antitoxine has any beneficial effect on 
these cases. One authority- speaks of using this treat- 
ment apparently with benefit ; but Lambert Lack ^ did 
not see any good results in a case in which he used 
the antitoxine. The serum cannot, however, do any 
harm in such a case, so that it would be well to make a 
trial of it in any condition in which the presence of the B. 
diphtheriae was established ; but as it is antitoxic and not 
antibacterial, the prospect of benefit from its use is remote, 

^ In this connection we may note that Myguid {Journal of Lai'yng- 
ology, Aug., 1898) made use of injections of diphtheriHl antitoxine in 
ten cases of ozcena. He found that the injections produced congestion 
of the mucosa of the nose and subsequent formation of crusts, while 
the fcctid odour disappeared. It does not seem to be suggested that 
tho B. diphthenae is the cause of oza;na, the nature of which is not 
w( 11 understood. Myguid's experience with antitoxine is analogous 
to that of other observers in the different maladies above alluded to 
fp. 96), in which it is difficult to believe that the good results seen 
were in reality due to the antitoxine. Our present knowledge of the 
action of eerums is, however, too sinull to enable us to pronounce with 
any degree of ronfidcnee as to what they can or cannot do. 

'^ M. Keusie {t McKenzie) quoted in Ann. de Med. et de Chir. 
Lifantiles, June 1, 1903, p. 393. (Reference not given.) 

3 Personal communication. 
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since it is destruction of the bacilli which is desired in 
this case, not the neutralisation of any absorbed toxine, 
and in these cases there are no symptoms of intoxication. 

ANTIBACTERIAL SERUM. 

Antitoxic serum, as already explained, does not tend 
to kill the bacilli which cause diphtheria. They will 
grow readily in the fluid itself, and continue to exist in a 
virulent form in the throats of persons who have been 
injected with antitoxine. Wassermann ^ has recently an- 
nounced the production of a serum which is bactericidal. 
He prepares a fluid somewhat analogous to Koch's " new 
tuberculin," by pounding up the bacilli and extracting 
them with ethylene-diamine, 20 cc. of this solvent being 
added to 1 gramme of pulverised bacilli. The mixture 
is well shaken in a special apparatus, and is then sub- 
mitted to the centrifuge. The supernatant fluid is of a 
yellow colour, and contains the intracellular toxines (?) of 
the bacilli. It is capable of killing rabbits when injected 
into them. If, however, the toxine is mixed with a pro- 
portion of antitoxine and repeatedly injected into these 
animals the serum obtained from them is strongly ag- 
glutinative of diphtheria-bacilli. Wassermann thinks that 
this serum will aflford a means of distinguishing B. diph- 
therise from pseudo-diphtheria bacilli, and that it may 
possibly have curative properties. 

AGGLUTINATION-REACTION. 

The agglutination of diphtheria-bacilli just alluded to 
is not very easily obtained, as the bacteria naturally occur 
in masses, closely adherent together. Lubowski 2 obtained 
the bacilli in a state of division by shaking up an emulsion 
of them with small glass balls, and diluting the resulting 
fluid with a 10-per-cent. solution of glycerine. The reaction 
is of no practical value in the diagnosis of diphtheria. 

1 DeuUeh, med. Woch., Ocfc. 30, ly02. 

2 Zeitschr.f. Hygiene, 1900. Bd, 35. 
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CONCLUSIONS, 

1. rrophylaxia. — Diphtherial arititoxine has a definite 
power of preventing the onset of diphtheria. The pro- 
phylactic dose for adults and children over one year 
should V^ 500 units ; for infants under one year, 300 units. 
Antitoxine should be used with this oV)ject in institutions 
where children are congregated together, if there is any 
tendency to an endemic prevalence of the disease in tlie 
institution. In other cases, if the cliildren can be kept 
under close observation, these protective doses are un- 
advisable, as the administration is not absolutely free from 
risk, and the prompt administration of the serum on the 
first appearance of the disease is an almost absolute safe- 
guard against a fatal issue. If " swabs " can be taken from 
the throats of children exposed to infection, and examined 
for bacilli, the prophylactic doses of serum need only be 
given to such as exhibit the organisms in their fauces. 

2. Treatment. — The curative effects of the serum are 
well established. The remedy should be given as early as 
possible in the course of the disease, as the mortality is 
progressively greater according as the serum is adminis- 
tered on later and later days. The dose for an ordinary 
case in an infant under 1 year may be 1,000 units ; for a 
child over 1 year, 2,000 units ; for an adult, 4,000 units. 
In severer cases these quantities should be largely exceeded. 
The dose may be repeated as often as necessary at intervals 
of 4, 6, 12, or 24 hours. 

3. Method of Administration. — In ordinary cases sub- 
cutaneous injection of the serum is advisable. In very 
severe cases it may be given intravenously (warmed), in 
order to get the patient under its influence as soon as 
possible. The efficacy of the use of antitoxine by the 
mouth or rectum needs further elucidation ; at present it is 
not advisable to make use of this method of administration. 

4. Ordinary measures of prophylaxis (isolation, etc.), 
and of treatment, should not be omitted because antitoxine 
is used. 
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CHAPTER VI. 

TETANUS. 

Causal Agent. — The micro-organism which is the cause 
of tetanus was discovered by Nicolaier in 1884, and was 
first cultivated by Kitasato in 1890. It is a rod-shaped 
bacillus, about half as large again as the tubercle-bacillus, 
motile, and provided with numerous flagella. It forms 
Spores, each of whicli is usually situated at one extremity of 
a bacillus, so that the characteristic " drum-stick " shape is 
produced. The organism stains readily by ordinary 
methods, and retains the dye when treated with Gram's 
reagent. When first isolated from the human or animal 
body, the B. tetani will only grow in the absence of free 
oxygen (anaerobically). When, however, it has lived for 
some time on artificial media, it can flourish in the presence 
of air. It is found in the soil, especially cultivated soil, 
such as that of gardens, and occurs almost invariably in the 
excreta of horses and other herbivorous animals. It is 
much more prevalent in some parts of the world than in 
others, if we may judge by the frequency of the disease. 
Thus in tropical and sub-tropical climates tetanus is a 
much more common complication of wounds than in 
England. 

Infection by the bacillus. — It has been shown that 
tetanus-bacilli inoculated directly into healthy tissues do 
not live and produce disease. In order that this may occur, 
it is necessary either that some of the toxines of the bacteria 
should be inoculated along with them, or that some 
foreign substance, such as a splinter of wood or some of the 
soil, should be introduced with them, by which a certain 
degree of irritation and damage to the tissues is produced. 
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The mt»t probable form of wound to t^ive rise to tetanus Is, 
therefore, a crushed wound, in which dirt and foreiirn 
substances are deeply embedded. Wounds tn^oi toy pistoU 
have in Amerieu ftei:juently been ct^niplKateii by tt^tanvis. 
Suppuration seems to favour its occurrence, and the bacilli 
have a better chance of thri^^in;: if the w.^und is deep and 
narp>w, s«> that air Ls excludetL Si.»-calleii " i*.liopathic '' 
tetanus is caused bv the entrance ♦►t* the Ijacilli thn^uixh 
slight wounds which heal up anti are f«.^n^>tten. Lam>>et-t ^ 
finds that infection with tetanas may take place throu ^h 
the mucous membrane of the n»>*e or m«>uth, i£ thev are 
wounded, or if the f«>rmer is the seat oi catarrh. He 
sojegests that soealle I " rheumatic tetanus ** may be due to 
mn infection tim^Uirt* the bn>nohi by inhaled germs. 
Infecti«>R doet^ n»x, ace»>niing to thi^ writer, •>ci*ur by the 
stomach or bladder, even if their liviuix membranes are 
injured. Cano-Bmsco and Frassetto"^ state that the toxine 
i» dest roved, not bv the di:»tfsti\Te ferments^ but bv the 
epithelial cells of the intestine. •."'♦>mmercial gelatine is 
very liable to contain the sp>res of tetanii*, and a number 
of cases have l)een reo>nied in which the disease occurreil 
after gelatine-injections, made for the treatment of 
aneurysm. An outbreak als*> occurreti in the United 
States, due to ct>ntr.kmination of diphtherial antitoxine with 
the toxinea of tetanus^ Cases have »>.vurred after vaccina- 
tion, either due to the prv?sence of the orjp*nisms or their 
sp >res in vaccine lymph, •^r to <ut»r*ev|uent in*x"ulation of the 
^■a<:rcinati->n-lesion< fr>:n accidental s«>uri.'esw Vaecination- 
wouad-i may perh-ips ad«>rd a specially favourable nidus for 
the or^ranisms. as thev f».*rm an ulcerate*! surfao? beneath a 
scab. 

ProdllCtion of Symptoms. — In the U>iy the bacilli 
d> n-'.'t r'-'V»:ue ^r'lipfraiisr^i bv the bl»»->i->trv^fc:u.^ but remain 

m 

L.^^a!!--^! iit th-- pjitit .>f iti^.-cti»»n. whery' they form their 

• Jff^f V...W. :.....>. ,T:,y, -.. I'Z. 

- Oiir. ■:>.■ \ Of r-*. .'.;■.".. L ?•«!"). x\i.. ?. ST v. 

■* Li-:.', rt i^ '.r *:.i: ■* :•. .: :'r.r Sv:-.'. -iwy wAr-i-:T into ihe 

ciruuLati-;:!. 
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toxines. Tliese are taken up by the peripheral nerves, and 
are carried along the axis-cylinders to the central nervous 
system. Exactly the same mode of conveyance seems to 
hold good in the case of the poison of hydrophobia, and it 
seems that there must be a continual streaming of the 
protoplasm of the nerve-fibrils towards the cells from 
which they are prolongations, llesection of a portion of a 
nerve may prevent the onset of tetanus in animals, if only a 
very small dose of the toxines has been administered. If 
large doses are given, part of the poison is absorbed into the 
blood-stream, and reaches the nervous system by a more 
circuitous route. Meyer and Ransom,^ however, as the 
result of many ingenious experiments, consider that it is only 
by the peripheral nerves that the poison can reach the spinal 
cord or brain. Poison circulating in the blood is taken uj) 
by the nerve-endings, and so passed on to the central 
portions of the nervous system, but it does not penetrate 
directly into the latter from the lymph. They thus explain 
the greater part of the incubation -period met with in 
poisoning by tetanus- toxines. They point out that the 
incubation is longer in direct proportion to the size of the 
animal and the consequent length of the nerves. Thus a 
mouse exhibits symptoms in 8 to 12 hours, a guinea-pig in 
13 to 18, a rabbit in 18 to 36, while in man four days is 
about the shortest period, and in the horse ^ve days. Tf an 
animal is injected with the poison in the nerve of a hinder 
limb, the spread of the poison to the important centres in the 
medulla can be prevented by section of the spinal cord. In 
this, as in the peripheral nerves, there appears to be a 
centripetal movement of protoplasm. 

In cases of tetanus in man, the incnhation-jyeriod is very 
variable. Symptoms may appear in four or five days, or 
they may be delayed for months. The more rapid the onset, 
the more acute are the symptoms, and the more grave the 
prognosis. 

1 Arch, f, Exper. Falhol. u. Fharmfdol., 1903. IM. 49, Ileft. G, 
p. 369. Cf. Marie and Morax, Ann. (le Vlnnt, Faufcnr, 1902, p. 818 ; 
1903, p. 335. 
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Experimentally, in animals, some peculiar phenomena 
have been produced. Thus if the j)oison be injected directly 
into the cerebral substance, there results a condition of mental 
excitement, apparently accompanied by hallucinations, as 
the animal may snap at imaginary objects. Injections into 
the spinal cord are followed by agonising pains, referred 
to a point of the body corresponding with the site of 
inoculation (tetanus dolorosus). Injections of small doses 
of poison may cause only localised spasms without general 
stiffness or convulsions. 

Toxines of the Tetanus-bacillus.— The toxines of 

the bacillus may be obtained by growing the organisms in 
an atmosphere of hydrogen in glucose-broth, from which all 
oxygen has been expelled by causing hydrogen gas to 
bubble through it. Instead of this method, a broth 
containing sulphindigotate of soda may be used. Morax 
and Marie ^ state that a potent poison can be prepared by 
cultivating the bacilli in the presence of air along with 
Bacillus subtilis. The fluid obtained after about a month's 
growth is filtered through a porcelain filter, and the poison 
is ready for use. The fluid solution does not keep at all 
well, the poison gradually losing strength, probably owing 
to the formation of toxones similar to those described in 
connection with diphtheria (p. 72). The toxines are not 
destroyed by heating to 135° C. for ten minutes; their 
action is, however, slightly retarded. Their potency is 
rapidly destroyed by sunlight. If the albuminous con- 
stituents of the culture- fluid are precipitated by alcohol or 
other reagents, the toxine is found in the precipitate ; but 
it is probably not of an albuminous nature itself. Dean ^ 
concludes as follows with regard to it : — " Tetanus-toxine 
has thus many points of resemblance to the soluble 
ferments ; it is difficult to dialyse, is soluble in water, is 
precipitated by alcohol and tends to adhere to precipitates, 

1 yiuif. de VImt. Pasteur, 1902, p. 418. 

2 Art. "Tetanus" in Quain's " Dictionary of JVIedicine," edited by 
MontHgne Murray, 1902, p. 1688, 
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is modified or destroyed by the action of air, sunlight, and 
comparatively low temperatures, and requires an in- 
cubation-period for its action." 

The mixed poison, as obtained from cultures, is almost 
certainly very complex in character. Tizzoni and Collina ^ 
state that it contains two toxines, one of which acts 
specially if it is administered subcutaneously and produces 
convulsions, while the second becomes prominent in case of 
intravenous injection, giving rise to local tonic spasm. 
Erhlich ^ has shown that there is also present a substance 
which produces haemolysis (tetanolysin), and that an 
antilysin which neutralises this is found in tetanus-anti- 
toxine. Tetanus-toxine, or tetanine, as it is called by 
French writers — using the word to apply to the poisons 
collectively — has a great affinity for the nervous system. 
If an animal has died of tetanus, the nerves leading from 
the seat of infection, and also the brain and spinal cord, 
contain the poison. The affinity of the brain-tissue for the 
toxine has also been shown in another way by Wassermann 
and Takaki,^ who found that if an emulsion were made 
of brain-substance, and this were mixed with the toxines 
before injection into animals, no ill effects were produced. 
A protective influence was exercised even if the emulsion 
were injected at a different point from the toxine, without 
previous mixture. Cerebral substance seems thus to 
contain an antitoxine to the poison : in other words, the 
toxine has the power of combining with the side-chains of 
the cerebral cells ; when, therefore, these cells are injected 
into another animal, they are caj)able of uniting with the 
free poison and so preventing it from attacking the living 
tissues of the animal. 

The pathological effects of tetanus are seen in the cells 
of the nervous system, and consist in swelling of the 
chromatic bodies and cell-body, followed by progres- 
sive chromatolysis. These lesions are of rather irregular 

1 Oazz. degli Ospedali, 1901, No. 138. 2 Quoted by Dean, loc. cit. 

^Berlin, klin. IFoch., 1898. No. 1. 
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distribution, being more uniform and intense in the brain 
than in the cord ; and with the possible exception of the 
early stages of the process, the changes are not specific of 
the disease. 

The toxine exists in other organs besides the nervous 
system, and may be extracted from them by glycerine.^ 
The peripheral nerves contain it, but have not the same 
neuti-alising action as is possessed by the brain and spinal 
cord. 

TETANUS- ANTITOXINE. 

Preparation of AntitOXine.^ — For the practical pre- 
paration of antitoxine for tetanus, horses are used. These 
animals ai*e very sensitive to the toxines of this disease, 
and great care is necessary in the process of immunisation. 
At the beginning of the treatment use is made of a toxine 
which has been attenuated by means either of heat or of 
some chemical agency. Iodine trichloride is used by 
Behring. After the blood of the animal has been found 
to contain a considerable amount of antitoxine, as a result 
of these injections, the undiluted toxine may be adminis- 
tered The method of procedure is the same as that 
already described in the case of diphtheria. 

Standardisation of Antitoxine.— A method of stan- 
dardising tetanus-antitoxine similar to that in use for diph- 
therial serum has been introduced by Behring. A test-toxine 
is prepared of such a strength that 0*01 cc. will kill a guinea- 
pig of 500 grammes in about four days. This amount of 
toxine is neutralised by y-oVo ^^ ^ ^^^^ ^^ antitoxine. In 
other words, one unit of antitoxine will protect 1,000 
guinea-pigs against the minimal lethal dose of toxine. 

^ Waring, Proc. Path. Soc. Lotid., Brit. Med. Journ., 1902, i., 965. 

- Tt'tanus-anti toxine may be obtained from the Lister Institute of 
Preventive Medicines, or from their agents, Messrs. Allen and Hanbury, 
in liquid 'form (three bottles of lOcc. each, 128.) or in solid form 
(1 gun. zz lOcc, 4s.); or from Messrs. Burroughs, Wellcome & Co. 
(Pasteur Institute Scrum) liquid or dry (1 bottle, ^s. 4d. ; 1 grm. 
solid, 48.) ; or from Messrs. Parke, Davis & Co., for human use, in 
boUks of lOcc. (3 for 128.), or for veterinary use (1 fluid ounce, 48.). 
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According to Roux's method of standardisation, the 
value of the antitoxine is expressed according to the 
amount of guinea-pigs (calculate<l in grammes) wliich Ice. 
of the serum will protect from a minimal fatal dose (for 
that number of guinea-pigs). Tlius if Ice. of a certain 
serum will protect 100 guinea-pigs, each weighing 500 
grammes, against the minimal amount of toxine which 
would otherwise kill them in four days, the value of the 
serum is said to be 50,000 (100 x 500). This would be 
a very weak serum for use, 1,000^000 units per cc. being 
an average strength. 

Unfortunately no standard strength is adopted in the 
serums on the market. The dose is generally calculated in 
cubic centimetres, without any statement of the number of 
units contained, so that not only is accurate dosage im- 
possible, but cases recorded as treated with antitoxine have 
very little value owing to the impossibility of knowing how 
many units of antitoxine were really used. 

Experimental Value of Antitoxine.— From experi- 
ments made in the laboratory, in which all the factors are 
under control, there can be no doubt that tetanus-antitoxine, 
if given along with, or shortly after, a dose of the toxine, has 
the power of preventing the occurrence of the characteristic 
symptoms and of death. Donitz ^ tinds that, whereas a 
certain dose of antitoxine suffices to neutralise a definite 
quantity of the toxine when it is injected at the same time, 
if a space of four minutes is allowed to elapse between the 
administration of the toxine and that of the antidote, then 
a slightly larger amount of the latter is needed. If eight 
minutes intervene, then six times the original neutralising 
dose of antitoxine is required ; if sixt(*en minutes, then 
twelve times the dose ; and at the end of one hour, twenty- 
four times the amount of antitoxine is recjuisite. Heie, as 
in the case of diphtheria, a "mass" action of the antitoxine 
may be exerted for a certain time after the poison is 
injected ; but there comes a time in both cases in which 

1 Dettttich. med. Woch., 1897, p. 430. 



108 SERUMS, VACCINES, AND TOXINES. 

this is no longer possible — when the toxine has entered so 
closely into combination with the cells that no amount of 
antitoxine is capable of withdrawing it. AfUjr that time 
even the minimal lethal dose is of necessity fatal. If the 
blood of an animal is rendered antitoxic to tetanine, 
injection of tliis poison into the substance of its brain will 
produce a fatal effect as surely as if no protective power 
had been gained. 

General Considerations on the Use of Antitoxine. 

— Tetanus is a rare disease in this country, and is 
comparatively uncommon in most civilised parts of the 
world. Hence statistics are diflScult to collect, and are 
generally founded on insufficient numbers of cases for 
accuracy. Further, the disease may occur in an acute or in 
a more or less chronic form, these varieties merging one into 
the other with no distinct dividing line. The mortality in 
chronic cases is much less than in the acute. Owing to 
these peculiarities, it is difficult to calculate what the 
mortality from the disease was before the introduction of 
antitoxine, and the statistical method used for demonstrat- 
ing the value of diphtherial antitoxine is here even more 
liable to be vitiated by errors of observation. 

As previously mentioned, the acuteness of a case of 
tetanus is to some extent proportional to the rapidity of the 
onset of symptoms after infection. Cases which develop 
within the first week are usually very severe ; those which 
are delayed till after the tenth day show a much greater 
percentage of recoveries. There is some reason to believe 
that the disease is more virulent in some parts of the world 
than in others — a fact which further vitiates the statistics. 
Any calculation of the total average mortality from tetanus 
is, therefore, of little or no value. It may, perhaps, be put 
at about 70 per cent. Lambert ^ calculates the mortality 
in acute cases as varying from 78 to 96 per cent., with an 
average of at least 88 per cent. In chronic cfises he puts 
the mortality between 18 and 55 per cent, the average 

1 Jfed. News J 1900, July, p. 12. 
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being about 40 per cent. He quotes Behring's collection of 
716 cases, among which 88 per cent. died. Lambert col- 
lected 1,226 cases occurring in war, with a mortality of 
88*6 per cent. ; while aniong 280 patients in peace-time the 
death-rate was 76 per cent. The death-rate is considerably 
higher among the "traumatic" cases (i.e. those in which 
the disease follows a wound of sufficient extent to be 
remembered, or which is not healed up at the time of the 
onset of the tetanus) than in the "idiopathic" or '"rheu- 
matic " cases. Gowers puts the mortality in the former at 
about 90 per cent., and in the latter at about 50 per cent. 
In recorded cases of tetanus it is generally impossible to 
gather a definite opinion as to the severity of the case, and 
hence it is difficult to realise what would have been the 
chance of recovery without the use of antitoxine ; while a 
comparison of a small series of six or eight cases with a 
theoretical general-mortality figure, of the vague description 
which we have just indicated, gives very little information. 
On the other hand, the observer's opinion in any individual 
instance, as to the effijcts produced by the remedy in abating 
symptoms or conducing to recovery, is unreliable. 

The data obtained by means of experiments on animals, 
as to the behaviour of the poison in the body and as to the 
neutralising effects of the antitoxine, afford very clear 
indications as to what we may expect from the latter in 
the treatment of the disease. Nothing is more definitely 
established than that there comes a period of time at which 
the toxine is so closely attached to the cells of the nervous 
system that no amount of antitoxine will suffice to with- 
draw it or to counteract its effects. This, unfortunately, 
occurs very early in tho disease ; indeed, the vital question 
is, whether it is not already too late for the antitoxine to 
have any good effect when the disease has declared itself, 
i.e. when the symptoms, by which alone it can be recog- 
nised, have appeared. 

This will perhaps be clearer if we recapitulate briefly 
what is taking place in the body of the patient, in the light 



110 SERUMS, VACCINES, AND TOXINES. 

of the researches to which allusion has already been made 
(page 103). According to the views of Meyer and Ransom, 
which agree with those of Marie and Morax, the toxine is 
only absorbed by the terminations of the peripheral nerves, 
and is by the latter conveyed directly to the central 
portions of the cerebro-spinal axis. Death occurs from 
intoxication of the important centres in the medulla. A 
stream of poison is passing along the nerves and up the 
spinal cord all the time. The appearance of symptoms 
indicates that this stream has already reached the spinal 
cells ; and at this time there Ls still a further portion of 
toxine which has entered the peripheral nerves and is on 
its way to the cord. An injection of an ti toxine given at 
this time will, indeed, be capable of neutralising any toxine 
which is circulating in the blood, and thus of preventing 
any fresh dose from entering the nerve-terminations ; but it 
cannot prevent the action of the poison which has already 
been absorbed by them. It is true that the presence of a 
large relative proportion of antitoxine might withdraw 
some part of the poison from the cells, but it does not 
appear to be known how the antitoxine reaches the nerve- 
cells. It is possible that it, too, has to be taken up by the 
nerve-terminations and passed along to the centres, in 
which case its action must be very slow. Even if it can 
penetrate directly into the spinal cord and brain from the 
circulating lymph, it can only do so slowly; whereas the 
toxine is at work all the time. From these considerations 
it is apparent that we cannot hope for the same good results 
in the treatment of tetanus by antitoxine as are obtained 
in diphtheria, in which it is possible to recognise the 
existence of the disease by means of the false membrane in 
the throat before any considerable degree of intoxication 
has occurred. 

It does not, however, follow that the remedy is of no 
effect at all. It is impossible to know in any given case 
whether the amount of toxine which has been taken up by 
the nerves is sufficient to cause a fatal termination. By 
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administering autitoxine we cut off the supply of the poison 
and prevent further absorption. It might be that a 
quantity of toxine just short of the minimal fatal dose had 
been absorbed at the time when the case came under 
treatment. If the remedy were given at once, the further 
absorption of the poison would be stopped, and the balance 
would be turned in the patient's favour ; whereas if any 
delay in giving the remedy were allowed to arise, time 
might be afforded for the absorption of tlie additional' 
amount of toxiae necessary to cause death. Hence theo- 
retical reasons lead us to the conclusion that the antitoxine 
should be used in all cases directly they come under treat- 
ment, but that no great fall in the mortality is to be 
expected to result. A few cases only will be saved ; no 
brilliant statistics of cures are to be looked for ; but we can 
never know till death has actually ensued that the case 
before us is not one of the exceptions in which the use of 
antitoxine will turn the scale towards recovery. 

Statistics of the Use of Antitoxine in Tetanus.— 

We have already pointed out that tetanus is too rare a 
disease for the statistics of it to be valuable ; further, the 
use of antitoxine is of comparatively recent introduction, so 
that no large number of cases are available for the study of 
its eflfects. Lambert i collected 262 cases, of which 151 
recovered, giving a total mortality of 42*36 per cent. These 
were divided into 124 acute cases, of which 35 recovered, 
giving a percentage mortality of 71*77; and 138 chronic 
cases, of whom 116 recovered, leaving a mortality of only 
15*94 per cent. On these figures he pronounces strongly 
in favour of the use of the remedy, especially in the chronic 
cases, in which the previous mortality was about 40 per 
cent. ; in these his figures show a reduction in mortality 
(due to antitoxine) of approximately 24 pnv cent. Abbe - 
saw six cases of tetanus in pre-anti toxine days, of which 
only one recovered ; whereas of nine others treated with 
this remedy seven survived. Five of these latter cases 

1 Op, eit *-* Ann. of Surg,, 1900, xxxi., p. 273. 
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were severe in type, and of them three recovered. For 
reasons already given it does not seem worth while to set 
forth in detail the figures given by different writers. 

Mode of Administration. — Subcutaneous injection of 
antitoxine was that first employed in tetanus, as in diph- 
theria, and the majority of the cases on record have been 
treated by this method. It was, however, pointed out that 
the antitoxine was only slowly absorbed by this route, 
whereas it was important to neutralise the toxine, which 
had already got the start of the antidote, as quickly as 
possible. Hence intravenous injection has been advised as 
a speedier method. It certainly seems to be preferable to 
the subcutaneous route. 

Both of these methods affect a neutralisation of the 
poison circulating in the blood, but they do not avail to 
counteract that which has already reached the nervous 
system. Two methods adapted to achieve this end, if it be 
possible in any way, have been recommended, namely, the 
injection of the antitoxine into the space between the dura 
mater and the brain or spinal cord, and injection directly 
into the brain-substance. The former is known as sub- 
dural, the latter as intracerebral injection. Both of these 
have their advocates. 

In favour of the stibdural method, Ley den ^ points to 
the results of eleven cases which he has collected, among 
which there were six deaths and five recoveries. Two of 
the latter were cases of his own. It is certain that the 
cerebro-spinal fluid contains toxine in fatal cases of tetanus, 
and the subdural injection will neutralise this. It is, 
however, uncertain whether the toxine is taken up by the 
central nervous syste n directly from the fluid in which it is 
bathed. Meyer and Ransom, as already quoted, do not 
think that it is ; but there is no doubt that other substances, 
such as cocaine, are thus absorbed. Further experiment 
seems necessary to decide this question positively. 

1 Deutsch, med, Woch., 1901, No. 29, p. 477. 
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Jacob 1 states that he was successful in saving two-thirds 
of his cases at the Charite Hospital in St. Petersburg, 
which were treated by the subdural method. He withdraws 
10 cc. of cerebro-spinal fluid by lumbar puncture, and then 
slowly injects 10 to 20 cc. of antitoxine. Penna^ gave 
the remedy beneath the cerebral membranes, using large 
quantities of serum — in one case 60 cc. at a dose. Daily 
injections were given, amounting in all to 100-240 cc. per 
case. Of five patients, three recovered and two died — 
the latter of intercurrent pneumonia, not of tetanus. 
Wallace and Sargent ^ report four cases treated by injection 
into the spinal theca ; of these three recovered, one being 
a severe case and two subacute. 

Theory is very strongly in favour of the method of intra- 
cerebral injection. It has been pointed out that if the 
toxine is injected directly into the brain, no amount of anti- 
toxic power in the blood will avert a fatal issue. The 
toxine appears to be passed on from one cell to another in 
the central nervous system, and it is to be supposed that 
the antitoxine will also be thus diffused. Roux * saved 35 
out of 45 guinea-pigs inoculated with teJbanine by this 
method, whereas by the subcutaneous injection he had only 
two recbveries out of 17 animals. Letoux^ records four 
cases of recovery in human patients after intracerebral 
injection. He administered 10 cc. of antitoxine into each 
hemisphere. 

Abbe ^ speaks in favour of the intracerebral route. The 
procedure adopted is as follows : — A line is drawn from one 
auditory meatus to the other across the vertex of the skull. 
From the point at which this meets the mid-line a second 
line is drawn to the outer angle of the orbit. The middle 
point of this last line gives the site for the injection {Ronx^s 
point). An incision is made in the scalp, and a small 

^ RousakyVratch, Jan. and Feb, , 1902 (abstr. in Journ. of the Amer. 
Med. Assoc. 1902, i., 977) 

'-^ Semana Medica, Oct. 31, 1901 (abstr. ibid., p. 602). 

8 lancet, 1904, i., 642. * Quotv2d\)y k\i\i^, op. cU. 

6 Semaine Med., 1901, p. 349. « Op. cU. 

/ 
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tK'jtIiiiif is (Miiployed to i*eiuove a piece of tlie skull. Abl>e 
sav.N that the o]>eration can be done satisfactorily under 
cocaiiH'-ana'sthfsiii. There does not seem, however, to be 
any advantage in this over chloroform, as the latter will 
cohtrol any spasm which may occur during the oi)enition, 
wliilc i*()iain<* will not. An 0|)ening is made in the dum 
niatrr and a blunt netnlle is thrust into the cerebral sub- 
stanrr. Tht* antitoxine must be verv slowlv forced into the 
brain, tiv<> nibio centimetres being enough to use on each 
side, it would seem better to endeavour to inject the anti- 
to\in<> intothe actual brain-substance than into the lateral ven- 
tricle,' as this latter method is practically equivalent to sub- 
<liiral injection, wbicli can be more easily carried out, if it is 
desired, externally to the brain. A procedure similar to the 
abo\ «» may Ik* adopted for subdural injection, if it be decided 
to give this intracranially, but the method by spinal puncture 
is in all probability as eirective. An actual trephine-opening 
in the skull is not necessary for the intracerebral injection, 
which can be given through a simple hole bored with a drill. 
The laige cerebral sinuses must, of course, be avoided in 
these procedures, and a blunt needle is preferable, in order 
to avoid wounding the smaller vessels in the substance of 
the cerebrum. 

For tlit^ purpose of intracerebral injection it is advisable 
to pn?pare a specially strong serum 2 by dissolving the solid 
(dried) substance in half the usual quantity of distilled 
water, or by evaporating the liquid serum to half its bulk 
at a low temp(jrature in vacuo. 

Behring '^ considers that no good results are to be 
hoped for from the use of antitoxine, if it is administered 
more than 30 hours after the onset of symptoms, or if 
less than 100 units (on his system) are given. Accord- 
ing to the experience of Moeller,^ even if these 

^ Seo Kochor, CeniralbLf. Chirurg,, 1899, Xo. 22, as to technique. 
-^ Church, yew York Med. Jouni., Dec. 17, 1898. 
•■* Deiitsch. nird. J fork., 1900, No. 2. 
•» J hid., 1901, No. 47, p. 814. 
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postulates are fultilled, no great fall in the mortality is 
to be looked for. 

A considerable number of isolated cases are reported, 
but as they are by different observers, using different brands 
of serum and employing a variety of methods, little would 
be gained by tabulating them. Tizzoni ^ considers that the 
serum which he prepares is superior to that of Behring, 
while German writers 2 apparently hold that the disease in 
Italy is less virulent than in their own country. No exact 
data seem to be available for estimating the truth of these 
international amenities. 

On the whole, it must be confessed that, as was to be 
anticipated on theoretical grounds, the curative treatment 
of tetanus by antitoxine is disappointing, as compared, at 
least, with the results obtained in diphtheria. Nevertheless, 
it is our duty to give the remedy a trial in all cases, since it 
is impossible to be sure that it will not do good, and it can 
in any case do practically no harm. 

Prophylactic Use of Antitoxine.— There is hope 

that antitoxine will prove of greater service by way of pre- 
vention than as a cure for the developed disease. Experi- 
ments on animals point strongly in this direction. Actual 
results are also encouraging. In veterinary practice some 
striking statistics are quoted by MacFarland.^ In one of 
the large factories for the production of antitoxine (diph- 
therial) much trouble was at one time caused by the inci- 
dence of tetanus among the horses. At last systematic use 
of prophylactic injections of antitoxine were instituted, and 
the result was that, whereas in one year (1898) the death- 
rate among the animals was 10 per cent , in the year 
following it fell to 1 per cent., and in the year after that to 
a mere fraction. Nocard •' reports that he injected 2,727 
horses with antitoxine in a certain district ; none of them 

1 Jtiforma Medica, 1901, i., p. 366. 

2 See Pfeiffer, Zeitachr. /. Heilkunde, Bd. xxxiii , TToft 2. 
' Journ, of the Amer. Med. Assoc, July 4, 1903, p. 34. 

* Quoted by Lambert, op. cit. 
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trei>hine is cnii>loye(l to remove a piece of the skull. Abbe 
says that the operation can be done satisfactorily under 
<30caine-an8Bsthesia. There does not seem, however, to be 
any advantage in this over chloroform, as the latter will 
control any spasm which may occur during the operation, 
while cocaine will not. An opening is made in the dura 
mater and a blunt needle is thrust into the cerebral sub- 
stance. The autitoxine must be very slowly forced into the 
brain, five cubic centimetres being enough to use on each 
side. It would seem better to endeavour to inject the anti- 
toxine into the actual brain-substance than into the lateral ven- 
tricle,! as this latter method is practically equivalent to sub- 
dural injection, which can be more easily carried out, if it is 
desired, externally to the brain. A procedure similar to the 
above may be adopted for subdural injection, if it be decided 
to give this intracranially, but the method by spinal puncture 
is in all probability as effective. An actual trephine-opening 
in the skull is not necessary for the intracerebral injection, 
which can be given through a simple hole bored with a drill. 
The large cerebral sinuses must, of course, be avoided in 
these procedures, and a blunt needle is prefera]>le, in order 
to avoid wounding the smaller vessels in the substance of 
the cerebrum. 

For the purpose of intracerebral injection it is advisable 
to prepare a specially strong serum 2 by dissolving the solid 
(dried) substance in half the usual quantity of distilled 
water, or by evaporating the liquid serum to half its bulk 
at a low temperature in vacuo. 

Behring ^ considers that no good results are to be 
hoped for from the use of autitoxine, if it is administered 
more than 30 hours after the onset of symptoms, or if 
less than 100 units (on his system) are given. Accord- 
ing to the experience of Moeller,^ even if these 

^ See Kocher, Centralbl.f. Chirurg,, 1899, No. 22, as to technique. 
'^ Chuich, ^ew York Med. Jouni., Dec. 17, 1898. 
3 Devtsch. med. Woch., 1900, No. 2. 
•* Jhid., 1901, Xo. 47, p. 814. 
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postulates are fultilled, no great fall in the mortality is 
to be looked for. 

A considerable number of isolated cases are rei)orted, 
but as they are by different observers, using ditFerent brands 
of serum and employing a variety of methods, little would 
be gained by tabulating them. Tizzoni ^ considers that the 
serum wliicli he prepares is superior to that of Behring, 
while German writers ^ apparently hold that the disease in 
Italy is less virulent than in their own country. No exact 
data seem to be available for estimating the truth of these 
international amenities. 

On the whole, it must be confessed that, as was to be 
anticipated on theoretical grounds, the curative treatment 
of tetanus by antitoxiue is disapi)ointing, as compared, at 
least, with the results obtained in diphtheria. Nevertheless, 
it is our duty to give the remedy a trial in all cases, since it 
is impossible to be sure that it will not do good, and it can 
in any case do pfactically no harm. 

Prophylactic Use of Antitoxine.— There is hope 

that antitoxine will prove of greater service by way of pre- 
vention than as a cure for the developed disease. Experi- 
ments on animals point strongly in this direction. Actual 
results are also encouraging. In veterinary practice some 
striking statistics are quoted by MacFarland.^ In one of 
the large factories for the production of antitoxine (diph- 
therial) much trouble was at one time caused by the inci- 
dence of tetanus among the horses. At last systematic use 
of prophylactic injections of antitoxine were instituted, and 
the result was that, whereas in one year (1898) the death- 
rate among the animals was 10 per cent , in the year 
following it fell to 1 per cent., and in the year after that to 
a mere fraction. Nocard ^ reports that he injected 2,727 
horses with antitoxine in a certain district ; none of them 

I Riforma Medica, 1901, i., p. 36G. 

^ See Pfeiflfer, ZHtschr. f. Heilkimde, Bd. xxxiii , TToft 2. 
' Journ. of the Amer. Med. Ashoc, July 4, \90-S, '^. 'W. 
* Quoted by Lambert, op, cit. 
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the antitoxine. The diffusion of the eaiulsified cells mu 
be less rapid than that of the cast off receptors — whi( 
are separate molecules, not whole cells. 

CONCLUSIONS. 

1. Tetanus-antitoxine cannot be expected to cure an 
large proportion of cases in whom the disease has develope< 
It should, however, be given in all cases of tetanus, since 
may just turn the scale in the patient's favour by neutrali 
ing the poison circulating in the blood, although it may nc 
reach that already absorbed by the nervous system. 

2. The dose should be from 10 to 20 cc. if the strenjjt 
of the serum is not stated. If this be known, not less tha 
1 00 units (Beliring) should be administered at once. Th 
injection may be repeated in 6 to 12 hours. Intracerebn 
injection probably offers the best chance of neutralising th 
poison already absorbed ; this method should be used i 
severe cases, subcutaneous pr intravenous injections bein 
employed at the same time. 

3. Prophylactic injections of antitoxine should be used i 
countries where tetanus is common, in all cases of crushes 
wounds in which dirt or other foreign matter has bee: 
ground into the wound. The antitoxine may be give; 
subcutaneously in such instances. 
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accurate dosage or comparison of results is possible. Behring 
advises that not less than 100 of his units should be given 
at once. Amounts of 10 to 20 cc. are easily administered 
subdurally, around either the spinal cord or the brain. 
Three to live cubic centimetres can be injected into the 
substance of the brain by slow instillation. Prophylacti- 
cally, 10 cc. may be given. 

HI Effects of AntitOXine. — The same by-effects may 
be expected to occur after the use of tetanus antitoxine as 
after diphtheiial serum, since it is hoi'se's serum which is 
us 3d in both cases. Di Gaspero ^ describes a case in which a 
fatal issue occurred, due, as he thinks, to the serum. This 
inference is very doubtful. Rashes of various kinds, 
scarlatiniform, bullous, urticarial, &c., are also recorded. 

TREATMENT WITH CEREBRAL EMULSIOX. 

In view of the great affinity of the substance of the 
central nervous system (brain and spinal cord) for tetanus- 
toxine, use has been made of emulsion of fresh brain- 
substance as treatment for the disease. Krokiewicz - records 
16 cases in which use was made of this preparation, an 
unOltered enmlsion being injected hypodermically. Of the 
16 cases, 13 recovered, three of them being severe attiicks. 

When we consider the difficulty with which an emulsion 
of cerebral substance must be absorl^ed and reach the 
circulation, it is easy to realise that the curative action of 
such a remedy must necessarily be slower than that of 
antitoxic serum. The latter should therefore probably be 
given the preference, if it be available. If, however, no 
antitoxine be at hand, it would certainly be, not only 
legitimate, but also advisable, to make trial of cerebral 
emulsion. The mode of action of the two remedies is 
theoretically the same, the receptors of the cerebral cells 
being available in the emulsion to anchor the toxine and 
neutralise it, just as the free receptors (side-chains) do in 

1 Die Thnap. der Gegemvart, 1902, p. 139. 

2 KUn. therap, Woch,, Feb. 8, 1903. 
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tlie antitoxine. The diffusion of the emulsified cells must 
1m» less rapid than that of the cast off receptors — which 
}ii(» separate molecules, not whole cells. 

CONCLUSIONS. 

1. Tt'tanus-antitoxine cannot be expected to cure any 
larj^c proportion of cases in whom the disease has developed. 
It should, however, ])e given in all cases of tetanus, since it 
may just turn the scale in the patient's favour bj neutralis- 
in«^ the })oisoii circulating in the blood, although it may not 
reach that already a])sorl)ed by the nervous system. 

2. The dose should he from 10 to 20 cc. if the strenirth 
of the serum is not stated. If this be known, not less than 
1 00 units (Behring) should be administered at once. The 
injection may be rej^eated in 6 to 12 hours. Intracerebral 
injection prol>ably offers th(j best chance of neutralising the 
poison already absorbed ; this method should be used in 
severe cases, subcutaneous or intravenous injections being 
employed at the same tiuie. 

3. Prophf/litctic injections of antitoxine should be used in 
countries where tetanus is common, in all cases of crushed 
wounds in which dirt or other foreign matter has been 
ground into the wound. The antitoxine may be given 
8ul;cutaneously in such instances. 
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CHAPTER VII. 

SNAKE-BITE. 

Classification of Snakes. — The poisonous varieties of 
snakes belong chiefly, if not entirely, to the families 
Coluhridcn and Vipervlce. The best known kinds belonging 
to the Colubrine group are the Cobras (Naja)^ the Coralline 
snakes {Flaps), the Kraits (Bungarus), and the Death- 
adder (Pseudechis). To the Viperine division belong the 
Common Viper (Vipera veinis), Russell's Viper (Daboia), 
the Puff- Adder (V. arietans), the Rattlesnakes (Crotaltbs), 
the Bush-master (Lachesis), the Tiger Snake (I/oplocephcUus), 
and the Copperhead {Ancistrodon), The classification 
depends mainly on small differences in the teeth and the 
bones of the head. The poison -apparatus is much the 
same in all, consisting of a secretory gland on each side, 
with a duct leading to the root of a long fang situated in 
the upper jaw. Each fang is perforated by a canal which 
reaches nearly to the tip, where it opens on the surface. In 
the act of striking, the poison is forced along the canals in 
the teeth, and is thus injected into the wound. The amount 
of poison injected in an individual case depends on the 
efficiency with which the stroke was delivered, while the 
virulence of the poison varies with the health and vigour of 
the snake at the moment, and to some extent with the 
season of the year. 

Different animals vary somewhat in the degree of suscep- 
tibility which they present to the action of snake poison. 
Rabbits, guinea-pigs, and herbivorous animals in general, 
seem more susceptible than carnivora, such as the cat or 
dog. Man is probably about equal in this respect to the 
latter class. The minute dose of poison which is capable of 
causing symptoms is illustrated by the ex.^viY\viwv!.^ ^1 *CNxsi 
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lat^ Mr. Frjtnk BackL&nd, who accidentally prickt?d his 
fin.rer in the p^J•?e^*d of dLssecrin^ the 1x>»1t of a rat killed by 
thr hitr of a p'»isonoas snake. Only an infinitesimal amount 
of riuid c»>ul'i Lave been ini)culated, and the original dose of 
poison Lad Ijr^n diluted by diffusion througfaont the body 
of the animal : nevertheless alarming symptoms of faintness 
and collapse ensued. 

Nature of the PoisoiL — The poison may be collected 
by killing the snake an«l dissecting oat the gland and recep- 
tacle : or the snake maybe " milked ** by pressure on the 
sac : or it mav Ije made to bite on a watch-^lass covered with 
an indianiV>l>er membrane, and the poison thus collected in 
the jjlas.s. The last method is probably the best The 
poison i-s then drietl in vactfo, and may be preser\'ed 
indefinitelv in this condition. 

It has long been known that the poisons of different 
Hnakes are not identical in their effects, the poisons of the 
vi[i^!rine group having, as a rule, a more intense local action, 
those of the colubiine family rapidly producing a general 
intoxication. Calmette, however, to whom we are 
inflebtecJ for the original preparation of an anti-venomous 
serum {nntivenene)^ considered that the main toxine, at all 
events, was the same in all venoms, and could be counter- 
acted by one and the same antitoxine. This ^'iew was 
combated by Martin,^ who, as the result of his experiments, 
came to the conclusion that there were two substances 
present in the venom of all snakes, varying, however, in 
proportions in different species. One was a globulin, coagu- 
la]>le ])y heat ; the other a peptone, which was resistant to 
it. The former is responsible for the general nervine in- 
toxication, the latter for the local effects and blood changes. 

More recently Lamb 2 has given reasons for rejecting 
thcjse views. lie is inclined to think that the poison of 
each genus of snakes is specific, containing a kind of 

^ Allbutt*8 *' System of Medicine," Vol. ii., art. " Snake Poison and 
Snako IJito." 

'•^ Scicnti/ic Memoirjt by Officers of the Med. and Sanit. Depts. of the 
Oov. of India. No. 5, ''Specificity of Anti- venomous Sera," 1903. 
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poison not met with in other varieties. Thus he holds that, 
though the poisons of the cobra and the daboia are each 
complex, no single constituent is common to both. The 
reasons for this will be clearer when we come to consider 
the action of antitoxic serum as an antidote to the poisons 
of different snakes. Lamb considers that in all probability 
the poisonous element is not proteid in nature. He shows 
that the proteids in the different venoms are, as far as can 
be determined, the same in all, while the effects produced 
are diverse. This is opposed to the current view that the 
poison is a globulin, but it would bring snake-poison into 
the same category as the toxines of diphtheria and tetanus, 
of which the former was shown to be developed in a non- 
albuminous medium, while the latter, according to Dean, is 
also of the nature of a ferment rather than an albumen. 

Action of Venom. — Locally, the effects produced by 
snake-bite are swelling, redness, and ecchymosis ; if the 
patient survive the first effects, cellulitis and sloughing of 
the parts may occur, and the oedema may spread up the 
affected limb. The general effect of the poison is shown in 
its action on the nervous system, which takes the form of 
depression, collapse, nausea or vomiting, incoordination, 
paralysis, and convulsions, ending in coma and death by 
asphyxia or heart-failure. Hsemorrhagic discharges from 
mucous* membranes are sometimes seen. 

Experimentally, snake-poison is found to have a solvent 
action on the red corpuscles of the blood (haemolysis). 
Lamb finds that both cobra- and daboia-venom have this 
property. Cobra-poison, however, acts more powerfully 
outside the body than within it, while daboia-venom is more 
hsemolytic in vivo than in vitro. The heemolytic substance 
in cobra-venom is not coagulable by heat. Flexner and 
Noguchi 1 assert that the hsemolytic agent in venom is of 
the nature of a copula or intermediary body (see page 24). 
The alexine or complement which is necessary to complete 

^ University of Pennsylvania Medical Bulletin^ 190'i, xiv., 438 ; 
and XV., 345. 
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its action on the blood -corpuscles is contained within the 
corpuscles themselves (endo-complement). Snake-poison 
also possesses the power of agglutinating red corpuscles, 
the clumps thus formed being disintegrated again by the 
action of permanganate of potassium. The agglutinative 
power is removed by heating the venom to TS** or 80° C, 
whereas the haemolytic power still remains after this treat- 
ment, showing that the two properties are dependent on 
distinct toxines. Leucocytes are destroyed by the poison as 
well as red corpuscles (leucolysis). The different kinds of 
leucocytes contained in rabbit's blood are unequally affected 
by the leucolytic substance, the lymphocytes being the 
least susceptible. 

The ecchymoses seen in cases of snake-bite are due to 
the action of the poison on the endothelial cells forming the 
lining membrane of the capillaries. This action is 
analogous to haemolysis, and is due to a destructive "lysis " 
of these cells by a special substance, which is called by 
Flexner and Noguchi " hsemorrhagin,'* from its effect 
in producing haemorrhages. It is suggested by these 
observers that perhaps similar substances may exist in the 
blood of patients suffering from the various forms of pur- 
pura. In a later communication, these authors state that 
venom has the power of dissolving other cells beside blood- 
corpuscles {e.g. liver-cells, spermatozoa, Ac). Daboia- venom 
also licjuefies gelatine by means of a special ferment. 

According to Lamb ^ the venom of the daboia produces 
intravascular clotting of the blood, whereas cobra-poison, 
on the other hand, has an exactly opposite effect, causing a 
diminution in the coagulability of the blood. Death in cases 
of bite by the daboia results from the extensive character 
of this clotting. Curiously enough, it appears that a small 
dose of the poison, insufficient to cause this phenomenon, is 
followed by a diminution of coagulative power ; and if this 

^ Svientijic Memoirs of the Government of India, No. 4, 1903, 
•* On the Action of the Venoms of the Cobra (Naja tripudians) and of 
the Dahoia (D. RussoUii^," &c. 
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has once been produced, no subsequent injection of further 
doses of the poison will any longer produce clotting. This 
peculiar phenomenon is not reproduced in vitro, and is 
dependent on some obscure vital action. Tlie substance in 
cobra-venom which reduces the coagulative power of the 
blood is not a proteid coagulable by heat. The addition 
of snake-venom to blood has the effect of reducing the 
bactericidal power of the latter by depiiving it of the 
necessary alexines, which become fixed to the copulas pre- 
sent in the venom. The latter does not contain alexine. 
Kyes has found that lecithin is capable of acting as alexine 
in presence of the copula contained in venom. 

The element in venom which acts on the nervous system 
is called by Flexner and Noguchi "neurotoxin." It, too, 
is of the nature of a copula, and acts by fixing a suitable 
alexine to the nerve-cells. These observers also found 
that the brain was the organ in the body which con- 
tained the most neutralising substance for venom, i.e. that 
its cells have the greatest affinity for the toxine. An animal 
injected with a minimal lethal dose of venom mixed with 
emulsion of brain lived many hours longer than one which 
received the same quantity of poison in blood-serum or 
similar fluid. Rogers ^ states that the poison of the sea- 
snake, EnhydHna, has an action resembling that of curare. 

The principal poisonous substances in snake-poison are 
therefore (1) Hsemolytic, (2) Leucolytic, (3) Hsemorrhagic, 
and (4) Neurotoxic. The bodies having these separate 
actions are probably different in the various kinds of 
poisonous snakes. Hence it is evident that the term 
" sn^ke-poison " or venom includes a very complex group of 
chemical substances. 

ANTIVENENE. 

Preparation of Antivenene"— The possibility of pre- 
paring an antitoxic serum (cmtivenene) for the treatment 

1 Lancet, Feb. 6, 1904, p. 319. 

"^ Calmette's antivenomons serum may be obtained from Messrs. 
Burroughs, Wellcome & Co., in bottles, at 4s, ci-duVv. 
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of snake bite was first practically demonstrated by Calmette 
of Lille. His serum is manufactured by injecting a horse 
with gradually increasing quantities of a mixed venom, 
containing 80 per cent, of cobra poison and 20 per 
cent, of viperine venom. The mixture is heated before tlie 
injections are given, as the crude poison is so intensely 
toxic that the horses are often killed by the minute 
quantities used for immunisation. Thus MacFarland ^ 
states that he lost two out of three horses in which he 
practised the inoculations. It is therefore necessary to 
proceed with the greatest caution in these injections. A 
further difficulty is met with in the process, owing to the need 
of procuring large quantities of venom for the later injections 
— a need which is not easily satisfied for obvious reasons. 
It is advisable to administer to the horse before inoculation 
one or more protective doses of antitoxine, in order to 
enable it to withstand the first injections of the poison. 
Otherwise the method adopted is practically the same as 
that already described for the antitoxines of tetanus and 
diphtheria. Tidswell ^ took more than three years in im- 
munising a horse against the venom of the Australian 
tiger-snake, owing to a combination of the above-mentioned 
difficulties. 

Action of Antivenene. — Calmette claims that the 
antivenene which he prepares is capable of neutralising the 
effects of the venom of any snake, whatever the species to 
which it belongs. The mixture of venoms which he uses 
for the inoculation is calculated to render the horse resistant 
to the poisons of viperine as well as cohibrine snakes, even 
if it be not the case, as he apparently holds, that the venoms 
of all kinds of snakes are identical. It has, however, been 
pointed out by Hanna and Lamb '^ that the heating process 
to which the mixed poison is subjected, in order to render it 
less virulent, before injection, is capable of destroying the 
potency of viperine poison altogether, or almost entirely. 

* Jonrn. of the American Med. Ah»oc., 11K)1, xxxvii., p. 1597. 
- AnstraJaHian Med. Gnz.^ April, 21, 1902. 
•^ Jcutn. of Pathol, and JJacier., 1902, viii., 1. 
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Hence only the cobra-venom is actually left to immunise 
the horse. * 

Experience seems to confirm this view to a great 
extent. Thus Tidswell tinds that Calmette's serum has 
no effect in neutralising the poison of the Australian 
tiger-snake (llojiloce'phahis curtiis) ; nor had an antivenene 
prepared from the venom of this latter any antidotal power 
against the poisons of other snakes met with in the same 
continent (Echis, Fseudechis). Lamb similarly found that 
cobra-antivenene has no antitoxic power against the bite of 
the daboia ; and in a later memoir he proved that it was 
unavailing against the poisons of the snakes known as 
Bungarus ccf.ndeus and Echis carinata. Serum prepared with 
the venom of the hoplocephalus by Tidswell had no neutral- 
ising effect on the venom of bungarus, cobra, or daboia. 

These results are of considerable practical importance. 
If the venoms of the different snakes are thus specific in 
nature, so that a serum prepared from one of them has no 
neutralising effect on poison derived from another species, 
the question of the practical therapeutics of snake-bite 
becomes much less simple than was originally hoped by 
Calmette. It would seem necessary to have at hand in all 
cases a supply of serums for all the different varieties of 
snakes found in any district, or else to prepare a polyvalent 
serum by injections of the poisons of all of these reptiles. 
It does not seem to be known at present how far the latter 
suggestion is feasible. On the other hand, it is evident that 
if separate serums were prepared for each kind of snake it 
would often be necessary to inject all of them in a case of 
snake-bite, since the patient could not be expected to know 
what was the kind of snake which bit him. Bites from 
snakes often occur at night, when it would be impossible 
for anyone to identify the assailant ; while those who are 
not skilled biologists would in any case not be likely to 
know one poisonous variety from another. 

With regard to the neutralising action of antivenene on 
the different constituents of snake-poison, there, ^eexxjk^ %<^\sNfc 



126 SERUMS, VACCINES, AND TOXINES. 

divergence of opinion. Flexner and Noguchi ^ state that 
antiveneuo- is capable of inbibiting the effects, not only of 
the neurotoxine or main poisonous element, but also of the 
haemolytic and other materials. On the other hand, Mac- 
Farland 2 finds that it is very difficult, if not impossible, to 
produce immunity to the local irritation of the poison. He 
considers, however, that the remedy should be used in all 
cases, as the counteraction of the most deadly toxine allows 
the body to concentrate all its resistant powers on repelling 
the local irritant. According to Auche and Vaillant-Hovius ^ 
the presence of antivenene does not prevent haimolysis 
altogether, but renders it more transitory and less intense. 
If the neural toxine of snake-poison be removed, the body 
which gives rise to coagulation of the blood may still cause 
death, if it is present in a sufficient amount. 

Standardisation of Antivenene.— For the purpose 

of experimental study of the action of venom and of anti- 
venene on animals it is necessary to arrive at some standard 
of virulence and protective power respectively. This is done 
by determining the minimal lethal dose for a certain kind of 
animal (rabbit or rat), calculating the weight of the latter 
in grammes. Thus Lamb found that 05 milligramme 
(0*00005 gramme) of the venom of Echis carinata per 
kilogramme of body-weight was fatal to rabbits ; in other 
words, a rabbit weighing 1,000 grammes would be killed by 
the above quantity of poison, while one weighing 1,500 
grammes would require half as much again. Of the venom 
of Bungarus fasciatus 0*7 mg. was required to produce the 
same effect. The venoms of different snakes thus differ 
markedly in their actual toxicity. Further, as was pre- 
viously stated, different species of animals vary somewhat 
in their susceptibility to snake-poison, while the actual 
toxines are probably very different in the various kinds of 
snakes. Hence no accurate measurement of toxines and 
antitoxines applicable to all can possibly be arranged. 

' Jouru. of Expetinwntal Medicine^ March 17, 1902. - Op. cit. 

3 Arch, de Mid. Exphimentale et d'Anat. Pathol., 1902, xiv.. 221. 
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The only antitoxic serum on the market is Calmette's 
antivenene, which is effective for cobra-poison. This is 
standardised by experiments on rabbits. The amount of 
serum which will protect a rabbit weighing 2,000 grammes 
against the smallest amount of the toxine which would 
otherwise kill it, is said to contain 2,000 units of antitoxine. 
The whole matter is as yet in so experimental a stage that 
the standardisation of the antivenene is scarcely of practical 
therapeutic importance. 

Doseof Antiveneiie- — Doses of 10 to 20 cc. are gener- 
ally administered. Lamb, however, considers that this 
amount of a serum of the ordinary strength is not sufficient 
to protect against the whole amount of poison which a full- 
grown, healthy snake can inject at a bite, and he advises 
the use of not less than 40 cc. if the quantity be available. 
Kogers calculates that as much as 400-800 cc. may be re- 
quired. If any time has elapsed since the bite, the remedy 
should be given intravenously. If the case be seen at once, 
injection into the neighbourhood of the bite may he 
employed. Ordinary measures, such as the constriction of 
the bitten limb by a tight ligature above the seat of injury, 
pressure to squeeze out any poison lying free in the punc- 
tures, and stimulating remedies, must not be omitted. 

CONCLUSIONS. 

1. Calmette's Antivenene should be used promptly in 
all cases of snake-bite. It protects effectually against cobra- 
bites. It probably has no effect against the venom of snakes 
belonging to other genera, but this matter is still under 
investigation, and in any case it is difficult, if not impossible, 
to be certain of the kind of snake which has inflicted the 
bite in countries where several kinds are met with. The 
dose should be 40 cc. or more, if possible. 

2. Fuller investigation is necessaiy with regard to the 
manufacture of a polyvalent serum applicable to the bites 
of more than one kind of poisonous snake. 
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CHAPTER VIII. 

SMALL-rOX AND VACCINIA. 

Causal Agent. — Thcat smallpox is due to some living 
agent similar in nature to the organisms of other infective 
diseases there can be no doubt, but the actual germ has not 
))een certainly isolated. Peculiar refi'active bodies have 
been described in the blood of patients suffering from the 
disease, and in the lymph used for vaccination. Thus 
Buttersack^ described in vaccine-lymph certain threadlike 
structures and round bodies resembling spores. It is, 
however, doubtful whether these are not artificial. Van 
de Loeff and Guarnieri - found appearances which they took 
to be protozoa, jind their results are confirmed by Pfeiffer.^ 
This organism (?), to which the name Cytoryctes variohp, 
was given, is said to be found in the blood of small-pox 
patients and of vaccinated chihlren. It is about one-quarter 
the size of a blood-coi-puscle, and exhibits active movements, 
throwing out pseudopodia or flagella. It does not penetrate 
the blood-corpuscle as does the malarial parasite, but sticks 
to the side of it. The parasite is deposited in the skin ))y 
some process allied to embolism, and thus causes the rash. 
In the epidermis it penetrates the cells of the rete Malpighii, 
and gradually destroys the cell -protoplasm, pushing the 
nucleus to one side. Funk ^ described the existence in 
vaccine of adult organisms (2.5 ^ in diameter), together 
with cysts full of spores, and also free spores (1.3 /i in 
diani.). lie considered that he had been able to produce 

' Quoted 1)V Immomiann. Nothnagol's " Kncyclopajdia of Pract. 
Mo(li(i!i(3," Knglish Edition, l<i02. 
- Centrum f. Jifdl,, xvi„ 290. 
^ Monatsh^f.praht. Derm., iv., 43'). 
L ** La Sonaiiie Medic/iU'^ 1901, p. 57. 
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the disease by inoculation of these bodies, and he gave the 
organism the name of Sporidium vaccinale. 

Recently Councilman ^ has described organisms, also 
belonging to the order Protozoa, which he holds to be the 
infective agents in small-pox. These parasites are said to 
pursue a double life-cycle within the cells, one phase being 
extranuclear, the other intranuclear. The latter is supposed 
to correspond with the sexual cycle of the malarial parasite. 
These organisms, which are acknowledged as protozoa by 
Calkins,^ a well-known authority on these minute animals, and 
which Councilman considers to be identical with Guarnieri's 
Cytoryctes, appear first as small homogeneous bodies about 1 ^ 
in diameter, in the protoplasm of the cells. They quickly 
increase in size, and coincidently the cell seems to undergo 
a process of degeneration. As they enlarge, the parasites 
become granular in appearance and irregular in outline ; 
and finally they break up into a number of still smaller 
fragments, which are regarded as spores. These proceed to 
invade the nuclei of the cells, which have so far been left 
alone. As the invaders once more enlarge, the nuclei are 
in their turn destroyed, and the parasites are set free. A 
second division into minute fragments may take place. 
These free bodies are supposed to be the infective agents by 
which the disease is communicated to other individuals. It 
is suggested tl:at vaccinia represents the extranuclear phase 
of the organism, whereas small-pox consists essentially in 
the invasion and destruction of the nuclei. If these obser- 
vations are confirmed, the discovery will be a matter of great 
interest. We shall have an instance of the attenuation of 
a protozoan parasite taking place by passage through 
another animal, just as occurs in the case of vegetable 
parasites (bacteria). Further, a vaccine will have been 
prepared against a protozoon*^ as well as against bacteria, 



^ Boston Med. and Surg. Journal, April 30, 1903. 

2 Journ. of Med. Research, Feb., 1904, p. 136. 

3 Ledoux-Lebard {Comptes Rendues de VAcademie des Sciences, 1902^ 
ex XX v., p. 298) sta'es that he has prepared a ape(i'v^c «L\i\\a«tvv?re\. \.«2> HX^a 



130 SERUMS, VACCINES, AND TOXINES. 

showing that the human body has the power of forming 
protective substances against this order of pathogenic 
agents, as well as against vegetable organisms. Again, the 
suggestion of an oiganism undergoing two different cycles 
within the same animal host, but in different positions (cell 
and nucleus), is of considerable interest. 

Sugg and de Waele^ found streptococci in the blood 
in 27 fatal cases, and believe that these organisms (which are 
agglutinated by the serum of vaccinated persons) are the 
causal agents in small-pox. 

Identity of Small-pox and Cow-pox. — The question 

of the identity or difference of small-pox and cow-pox was 
long disputed, but there can now be little doubt that 
Jenner was right in holding that the latter is only small- 
pox modified by transmission to a different animal, which 
is less susceptible to the disease.^ Many attempts have 
been- made to transmit small -pox directly to cattle, and a 
certain number of successful results have now been 
recorded. Adult cows take the disease with difficulty ; 
calves are more easily infected. A condition in horses 
analogous to vaccinia (equine variola) appears to be really 
the same disease, and capable of effecting vaccination.^ 
Complications of Small-pox. — Most of the com- 
plications arising in small-pox can be distinctly traced to 
intercurrent infection with pyogenic micrococci (strep- 
tococci or staphylococci). It has even been said that the 
pustular stage of the lesions, which has been regarded as so 
characteristic of small-pox, as opposed to chicken-pox, can 
be almost entirely prevented by careful and thorough anti- 
septic treatment of the skin. If this be true, it would seem 

protozoan crganisni. Paramcecium caudatum^ \\Yi\i:\i is pathogenic to 
Bome of the lower animals (rabbits and guinea pigs). Cf. also p. 329. 
^ Arch, internal, de Pharmacod. et de Therap.^ xii., Nos. 3 and 4, 

2 See Blaxall : Z\8t Ann. Report of the Local Gov. Board. 1901-2. 
Supplement containing the Iteport of the Medical Officer. Appendix 
C, i., p. 568. 

3 It has been suggested that vaccine contains the poison of variola 
in the ** ioxone^'' condition, a modiBed form of toxine. See Grilnbaum, 
The Practitioner, Pec, 1903, p. 809. 
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that the cutaneous manifestation of the disease is essentially 
a vesicular eruption, and only accidentally becomes pus- 
tular. Abscesses are the commonest complication met 
with ; erysipelas and cellulitis are by no means rare. The 
ocular affections (keratitis and conjunctivitis) may possibly 
be due to the virus of the original disease, but here again 
the action of secondary infections can hardly be excluded. 
Pneumonia, pleurisy, and empyema are also probably in- 
stances of intercurrent infection. 

Infection in Small-pox. — The exact method by 
which the infective agent in small-pox enters the body is 
not known. There seems little doubt that it is carried by 
the air, as statistics prove that a small-pox hospital is a 
source of infection to the district surrounding it, the 
liability to infection gradually diminishing as distance from 
the hospital increases. The contagium is apparently capable 
of being transported for a considerable distance. It seems 
probable, therefore, that it enters by the respiratory tract. 
The incubation-period in cases contracted by the ordinary 
method of infection is twelve days. 

VACCINATION. 

Theory of Vaccination. — As already explained, 
vaccination consists in inoculation of an attenuated form of 
small-pox germs, the diminution in virulence being brought 
about by passage through the body of a calf, a less suscep- 
tible animal than man. The attenuated germs are present 
in the lymph of the vesicles formed on the vaccinated 
person, and this lymph may be used for inoculation of 
other individuals, as the germs do not regain their virulence 
by re-passage through man. Vaccinia remains a localised 
disease, the attenuated germs remaining in the place of 
inoculation, and not becoming generalised by the blood- 
stream. At the point of inoculation they form their 
toxines, which are conveyed all over the body, and 
stimulate the tissues to form germicidal substances. The 
cells thus educated retain the property oi afectfeXAXv^ \>wb^^. 
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Preparatim of Lympb. — It i^ imauhteri^ t2ket>r«cie- 
*ljy, fr-y/i vr<at v>»srr:i?, h^ubari fw i»vmip^ the Ijinph is 
4<rnv^^ fjpot fr>r Tf^a^ftet set ifjnh rj^iov. the ose c-t material 
;£/^, irr/fn sin ^ animal ' iioarce U to !» preferred in pr^tctioe. 
Wl#At U known a** "givcerinated calf-lvinph ' is now in- 
variAr/lj av^d in thw coontiy.' This is prepared in the 
folW/'jring fftAnner : — A snpplj erf stock lymph being already 
available, a calf is taken, and its abdomen is shaved. A 
mrif^ fA mmion» are made in it of «Hisiderable length, and 
th^ Htock lympFj is mbbed into them. By the fifth day large 
v#jj<jcl^ liave developed along the coarse of the incisions, 
and are full of clear flaid, which does not yet exhibit any 
tendency to ^jacome pustular. At this stage the vesicles 
tiuil their contents are scraped off with a sterile sharp spoon, 
with all aseptic precautions, and the resulting material is 
c/fWcA^al in suitable bottles. It is next finely broken up, 
and tnturAtcA with four times its weight of glycerine ^ and 
watfjr (50-fKjr.cf5nt. solution). The thick, creamy fluid pro- 
fliU'j'A iH run into tubes ; and these are kept in a cold, dark 

^ In Indict in addition to glycerinaied l}inph, mixtures with vase- 
lifHi »nd with lanoline are also employed, apparently with good results. 

'^ A preliminary communication has recently appeared from 
l>r, Alan H. (ircon, in which he recommends the use of chloroform 
\tinituul of f(lyc<;rino for the purpose of killing extraneous organisms 
in va':(:jno-lymph. Air charged with the vapour of chloroform is made 
fo puH^ through a soricjH of tubes of vaccine, and the chloroform is sub- 
no(j unfitly (jxpolled from the tubes by means of a current of air. The 
lytiipli is flrMt nilxod with water for the purpose of this procedure, and 
only tho |»ropr)rtiofi of cljloroform which the water can hold in solution 
(I : 400) c/iri (uxrio in contact with the vaccine. This quantity suffices 
lo Kill Ihn bacteria (chiefly Hfaph3'lococci) generally present, but has no 
ill ellnei, on the vaccin<j. Tho addition to this of any traces of liquid 
• hlnrojonn appearH, however, to diminish its activity. The ad- 
vunlajMM ejaiined lor this inotho I aro the speed with which sterilisa- 
lioii \H oirnchid, HO that in caseH of emergency large quantities of 
vaccine can h - r(ii)idly rendered fit for use, and the consequent avoid- 
ance of any [)OMMible deterioration of strength, such as may perhaps 
uO(Mir ilunng tlio month or more for which ordinary glycerinated 
ymph huM to Htund.—Lancet^ Juhq 20, 1903, p. 1,738. 
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place for some weeks. The result of this treatment is to 
kill off most of the common pyogenic and similar organisms 
which might do harm if inoculated ; but few if any speci- 
mens of lymph are actually germ-free. The contagium 
of vaccinia is left apparently uninjured. It is possible that 
it exists at this stage in the form of spores, which are 
resistant to the action of the glycerine. After about a 
month the lymph is tested bacteriologically, to prove it 
free from the organisms alluded to ; and if it is found to 
be sterile, it is drawn into capillary tubes, and is ready 
for use. The lymph thus prepared is a thick, syrupy fluid, 
which tends to separate to some extent into a clear and an 
opaque portion. It is probable that the latter is the active 
part, and care should therefore be taken not to use only 
the clear portion in vaccinating. 

Technique of Vaccination. — The essential part of 

the process of vaccination is that the infective material — 
the lymph — should be introduced through the epidermis, so 
as to be absorbed by the lymphatics and blood-vessels of 
the corium. The skin should first be cleansed with soap 
and water, and, if there is reason to fear the occurrence of 
sepsis owing to the surroundings or person of the patient, 
with some antiseptic such as carbolic acid (1 : 20). It is 
necessary, however, to remove the antiseptic from the skin 
before making the inoculation, lest it inhibit the growth of 
the living matter of the vaccine. The skin is then 
scratched through with a sharp instrument (lancet or 
needle), previously sterilised by boiling or by some suitable 
germicide. The skin should be put upon the stretch by the 
left hand of the operator, and the strokes of the instrument 
made quickly and lightly. The appearance of a trace of 
blood in the scratches shows when the corium is reached. 
The ends of the tube of lymph are then broken off and the 
material blown on to the scarified areas, or on to one of 
them, the material being then distributed as equally as 
possible to all of them. It is next lightly rubbed in with 
the lancet or with any smooth mstYMixiei\\» Y^'ii^^^^^^ 
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provided that this is scrupulously clean ; and the lymph is 
left for a few minutes to soak in. 

Another mode in which vaccination may be effected is 
by blowing the lymph directly on to the skin after pre- 
liminary cleansing, and then making the necessary scari- 
fications through the drops of lymph into the corium. The 
several sites of inoculation should not be too close together 
— preferably an inch or an inch and a half should be left 
between them — in order that the resulting vesicles may not 
coalesce. Should they do so, an unduly sore arm may 
ensue, and a considerable amount of scarring be finally left. 

Table showing the Age-Incidence of Vaccinated Caseh 

CLASSIFIED ACCORDING TO THE ChAKACTER OF THE ScARS ,* EACH 

Class is represented as Comprising a Total of 1,000 Cases. 
(Sandilands.^) 



Character of Scar. 



Large (A 1) ... 
Medium (A 2) 
Small (A 3) ... 



Four or more 

Three 

Two 

One 



Half or more than ) 
half foveated ... ( 

Less than half \ 
foveated j 

Pi' I in scars 

— ■ ■■ " ^ — 

Scars absent 



Under ! 
10 years. 


10- 


20- 


30- 


40- 


50 and 
upwards. 


15 


187 


411 


253 


98 


36 


22 


109 


248 


268 


222 


131 


45 


112 


199 


241 


211 


192 


23 


217 


441 


207 


77 


35 


11 


;48 


350 


309 


127 


55 


15 


lU 


273 


292 


190 


116 


31 


129 


270 


236 


203 


131 


21 


188 


418 


1 246 


99 


28 


15 


! 183 


387 


' 263 


1 107 


45 


27 


127 

1 


293 


' 238 

1 


182 


133 


83 


\ 204 

t 


210 

1 


1 157 


127 


219 



Dr. Sandilands points out that '* the figures in this table demon- 
strate a point of some importance — that the incidence in later life 
is very much greater in the classes with inferior vaccination scars." 



\ 



Glycerinated lymph does not dry up, and it is of no use 
waiting for this to occur. No special protection is 

' '* An Analvsifl of the Vaccination Statistics of the Metropolitan 
Asjlums Board for 1901 and 1902." {Lancet, 1903, ii., 378.) 
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necessary for the areas of skin inoculated, a shield of any 
kind not being advisable; but in patients whose sur- 
roundings are insanitary a dressing of sterile (not anti- 
septic) wool may be applied and secured with a bandage. 

Statistics seem definitely to prove that the protection 
aflTorded by vaccination is to some extent pioportional to 
the number of spots at which the lymph is inserted, two 
" scars '' protecting better than one, three than two, and 
four than three. The practice of making only one insertion 
is to be condemned as inefficient and conveying a . false 
security. The scars resulting from the vaccination should 
together make up an area of not less than half a square 
inch. The table on page 134 shows the nature of the statis- 
tical evidence upon which these statements are founded. 

It seems at first sight rather difficult io understand the 
reason for the relation of the amount of protection afforded 
to the area of vesicles resulting, since it might l>e supposed 
that, vaccinia being an infective disease, the virus would 
multiply in the body in any case to an extent only limited 
by the resistance of the individual, and that therefore one 
insertion would be as effective as many.i The facts being 
as stated, it appears necessary to believe that the infective 
organism, whatever its nature, remains localised, in the 
majority of instances at any rate, within the tissues near 
the site of inoculation, multiplying to some extent therein, 
and producing poisons which are carried throughout the 
system. It would thus bear a close resemblance to the bacilli 
of diphtheria and tetanus in its mode of behaviour. It is 
requisite that a certain amount of the poison should be 
manufactured, in order to cause a sufficient action on the 
cells of the body to stimulate the formation of the pro- 
tective substances. Hence the need for a consideral^le 
quantity of the virus to be inoculated, since possibly the 

' It seems not impossible that a fallacy of observation may lurk in 
the inference drawn from the statistics. It is at least conceivable that 
it is not so much the number of iosertions of the 1} mph that protects, 
as the careful performance of the act of vaccination, of vjVvxqK \Xv^ 
number of scars is some criterion. 
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organisms tend to die out somewhat rapidly, being ex 
hypotliesi of an attenuated kind. 

It is well to remember that the lymph remaining on the 
arm or other part vaccinated may ))e conveyed accidentally to 
other regions of the body, and that if there is any excoriation 
at the point of contact, a vaccination-lesion will result. 
Should such an occurrence take place on the face, a some- 
what alarming condition is often produced, the ajffected pai-t 
swelling markedly and the neighbouring glands enlarging 
to a considerable size. The condition is in no way danger- 
ous, but an unsightly scar may be left. A generalised 
eruption is sometimes produced by such accidental inocula- 
tion if it occur in several places. 

Site of Vaccination. — The point usually chosen for 
vaccination is the skin over the insertion of the tendon of 
the deltoid muscle on the outer side of the upper arm. 
This is probably the most convenient spot for general use. 
It has been suggested that in ladies who may wish in after 
years to wear dresses without sleeves, it would be better to 
select some other site, such as the outer side of the thigh. 
It is immaterial from the point of view of protection what 
spot is selected. It is well to avoid any part very richly 
supplied with blood, or in very close relation with lymphatic 
glands. 

Phenomena of Vaccination. — In a subject who has 

not been previously vaccinated and who has not suffered from 
small-pox, the series of events after vaccination is generally 
as follows : — For the first two days nothing is usually noticed 
at the site of inoculation. About the end of this time a 
small papule begins to form on each of the vaccinated 
areas. This next becomes transformed into a vesicle with 
clear contents, possessing a raised border and a slightly 
infiltrated base, surrounded by only a very faint and narrow 
halo of hypera^mia. The vesicle thus formed tends to sink 
in at the centre, forming a cup-shaped depression, while it 
continues to spread at its periphery. Meanwhile the sur- 
rounding pinkish ring becomes deep-red in colour, and 
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enlarges till it may extend for an inch or more all round 
the central lesion. ^ The contents of the latter become 
gradually more opaque and even pustular, and finally dry 
up into a scab, while the areola fades after the tenth day. 
A more or less circular cicatrix is left when the scab 
separates, which is often pitted — " foveated." If the scari- 
fied area be large in extent, more than one vesicle may form 
on it, a ring of small blebs rising round its periphery ; 
while if the points of insertion are near together, they may 
tend to coalesce, forming irregular rings of vesicles, more or 
less fused one with another, with central depressions. Ac- 
companying these local changes there is fever, which begins 
about the third day and generally increases till the eighth 
or tenth, after whicli it subsides. There may be some 
feeling of illness, and occasionally sickness or diarrhoea. 
The neighbouring (axillary) lymphatic glands may become 
palpably enlarged. In some cases an erythematous rash 
appears (roseola), or a generalised papular or vesicular 
eruption may be met with. These cutaneous conditions 
are of no practical importance. 

In those who have already been once or more vaccin- 
ated the phenomena are similar, but less marked. Only a 
papule may appear, or a poorly-developed vesicle with 
subsequent scabbing. Itching may be the most marked 
feature. Not very unfrequently in such persons re vaccina- 
tion fails entirely. 

Risks of Vaccination. — In the days when it was the 
practice to vaccinate one child from another by the *' arm 
to arm *' method, there was a certain element of risk lest 
some disease should be transferred from one to the other 
at the same time. Thus it can hardly be denied that 
syphilis has been conveyed in this manner; it seems 
definitely established that the clear lymph- of a vesicle 

^ This is i)robably due to the action of pyogoTiic organisms 
accidentally present in the lymph. Absolutely sterile vaccine is said 
not to give rise to any marked areola, but scarcely any specimens of 
lymph are of this de«»:roe of purity, 

2 Cory, quoted by Immermann, oy, cit. 
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may convey the infection, even apart from contamination 
with blood. This risk no longer exists when calf-lymph 
is used. 

Secondary infection may take place at the site of a 
vaccination-puncture, as it may by any other abrasion of 
the skin. Thus, in a certain number of cases, erysipelas has 
supervened, owing to the subsequent entry of streptococci 
derived from the insanitary surroundings of the child. It 
is said that the vaccination in such cases is generally un- 
successful. Milder septic infection (probably with staphy- 
lococci) may result in a sore arm of unusual severity, and 
even give rise to glandular abcesses. 

In countries where tetanus is common, this complication 
has followed vaccination. McFarland,^ from a study of 
ninety-five such cases, concludes that, although it is after 
vaccination that the infection with tetanus most often takes 
place, in some cases the actual lymph may have been con- 
taminated from hay, manure, etc. 

The constitutional disturbance produced by vaccination 
may in some cases be prolonged, taking the form of some- 
what severe ancemia. Bellotti,^ who calls attention to 
this possible sequel, states that children who have been 
previously rosy and healthy in appearance most often exhibit 
this condition. He suggests that the organisms of vaccinia 
may in these rare cases exert a special hajmolytic action. 

The names vaccinia hoimorrha^ica and vaccinia gan- 
gramosa have been applied to conditions in which symptoms 
of unusual severity attend vaccination. In the former a 
generalised hemorrhagic eruption develops, which may be 
accompanied by bleeding from mucous surfaces ; in the 
latter the local lesions, instead of healing, extend deeply 
and widely, causing necrosis of the tissues and large areas 
of ulceration, along with severe constitutional disturbance. 
It is probable that these conditions are both dependent in 
the first place upon a debilitated condition of the child, 

1 Journ. of Med. Research, May, 1902. 
- Gaz, degli Ospedali, May 10, 1903. 
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produced by ill feeding,' rickets, or tuberculosis ; and in 
the second place upon an invasion by other organisms, such 
as pyogenic cocci, which either produce local gangrene in 
the weakened tissues, or give rise to a general septicsemic 
condition, with hsemorrhagic symptoms. Of the close con- 
nection between hsemorrhagic eruptions and general septi- 
csemic states there can be no doubt whatever. 

A keloid condition sometimes results from the scarring 
produced in vaccination. This probably has nothing to do 
with the virus employed, but depends upon a constitutional 
peculiarity of the individual, in whom any slight trauma- 
tism may give rise to a chronic inflammatory over-production 
of scar-tissue. 

In the absence of an epidemic oE small-pox a child should 
not be vaccinated when it is obviously in bad health. Not 
only will the parents attribute to the operation any increase 
in the symptoms of the existing condition which may 
ensue, however accidentally, so that the procedure will 
incur some degree of disrepute with them and with their 
ignorant neighbours, which it is better to avoid ; but it is 
probable that in some instances the constitutional disturb- 
ance produced by the inoculation may unduly depress a 
child already weakened by existing disease. Children 
suffering from eczema, herpes, or other skin-diseases should 
not be vaccinated, if the matter is not urgent. Generalisa- 
tion of the vaccinial eruption is said to occur in such 
patients, but the evidence is not very clear. Hajmophilic 
subjects should not be vaccinated, the risk to them being 
greater from any source of bleeding than from the increased 
liability to small-pox. 

Insusceptibility to Vaccination —It is said that 

some persons are by nature insusceptible to vaccination. 
This may possibly be the case occasionally, but instances of 
such a condition which will stand investigation must be 
veiy rare indeed. Thus Thome ^ states that 107,180 

^ 27<A Aitnual Bepori of the Med. Off. of the Local Government Boards 
p. viii. 
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vaccinations have been done by public vaccinators under 
th(j Local Government Board without one instance of 
failure. Cory ^ reports one case among 38,000, in which 
ho was twice unsuccessful in attempting to vaccinate an 
infant. I^ryce ^ records ninety-eight unsuccessful attempts 
to vaccinate with calf-lymph out of 126,000 vaccinations. 
1 1 is not unfrequent, in attempting to re-vaccinate an adult, 
to find it impossible to produce any effect recognisable as 
vaccinia. The same is of course true, and to a still greater 
dt»grcw, of those who have suffered from small-pox. 

It is m»cessary to make three attempts at (primary) 
vaccination before pronouncing any individual insusceptible. 

Supply of L]nnph. — In the present state of the law 
in tliis country, public vaccinators are supplied by the 
liocal Government Board with lymph which is prepared 
undc»r careful State supervision. This lymph i% not to be 
obtained by other practitionens, who are dependent for their 
maU^rial upon the lymph offered in the market by private 
traciinji; establishments. No supervision of any kind is 
c»xc»roisiMl over these manufactories, so that only the pressure 
of competition with other firms, and the risk of losing 
custom if their pnxluct is found inert, are to be relied upon 
to onsuiv the purity and efficacy of these lymphs. Such a 
stnte of things appears entirely indefensible. It is much to 
1h> hoptnl that in future Acts of Parliament dealing with 
vaccination, provision will be made for the inspection of 
private vaccine-establishments, and for the testing by State 
othoials of all lymph put upon the market. 

Protection afforded by Vaccination.— Of the value 

of tlie prot<vt.i(m afforded by vaccination against small-pox 
there can \ye no doubt in the mind of anyone who is willing 
to look facts in the face and draw conclusions without 
pre-existing bias. Before Jenner introduced his great dis- 
covery to the world the disease was universally prevalent. 
It was regarded as a children's disease, owing to the fact that 

^ '* Lectures on Vaccination,*' p. 73. 

'^ Boston Med, and Surg. Journ., Feb. 26, 1903. 
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all were susceptible and contracted siiiall-i)ox at the earliest 
opportunity. It thus caused an immense infantile mortality ; 
but it also attacked adults of all ages and all positions in 
life. Princes were no more sacred from its attack than the 
poor ; scarred faces were the rule rather than the exception. 
Hence the new protective was welcomed with delight 
throughout the world, and special measures were taken to 
introduce it and to carry a supply of lymph into the most 
distant countries. 

At the present day, owing to the general practice of 
vaccination, small-pox is a rare disease, and its very rarity 
has caused a certain degree of carelessness in carrying out 
the prophylactic procedure. Hence there are signs that in 
this country the disease is making attempts to re- assert 
itself ; and places, such as Gloucester and Leicester, where 
the fanatical opponents of vaccination have gained the 
ascendancy and succeeded in causing general neglect of the 
precaution, have paid the penalty for their folly by suffering 
from severe epidemics. 

The general recognition of the value of vaccination is 
shown in the regulations adopted by most life-insurance 
offices, which charge an additional premium to all those who 
have not been vaccinated. In view of the general protection 
of the community, the risk is small and the addition slight ; 
but there can be no doubt that, if small pox once more 
became prevalent, this additional percentage would be con- 
siderably increased. Vaccination, or revaccination, is also 
compulsory upon all recruits for the army and navy, and upon 
all those employed in the postal service. The statistics of 
the German Army and of the civil i)opulation^ in that 
country afford convincing evidence of the benefits derived 
from vaccination, if any be still needed. Directly vaccination 
was introduced into the army the average deaths per 100,000 
(taking an average of the 10 yeara before and the 10 years 
after its initiation) fell from 36 to 3, whereas in the civil 

^ See Statistical Chart quoted in Marx, Die Experimenielle Diaguostik^ 
Serum'therapie u, Prophylaxe der Infectiomkrank >^ \^Q*I. 
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poj)ulation the relative numbers were 26*9 and 19*4 respec- 
tively, showing no such tendency to fall. At the same 
time the existence of small pox among the civil population 
was a source of infection even to the protected members of the 
anny, a small number of cases continuing to occur. It was 
only after vaccination was enforced universally that the 
disease practically disappeared from the army, while among 
the civil population it at once fell almost to vanishing 
point. 

We may see the value of the protection thus afforded 
by vaccination, by means of a comparison of the German 
Army with others not so protected. In the German army 
from 1 S7»> 1 887 only 148 cases of small-pox occurred, whereas 
in the Austrian army, not protected by systematic vaccina- 
tion, there were 10,2.38 cases between 1873 and 1886, and 
in the French army, from 1875 to 1881, 5,605 attacks. ^ In 
Sweden, in pre-vaccination days, 2,050 deaths occurred 
annually from variola ; after its introduction the average 
mortality fell to 169 per annum. In Bohemia, with a 
population of 3,039,722, the average annual deaths for 
small-pox were 7,6G3 ; after vaccination was introduced 
they fell to 28 2, though the population had risen meanwhile 
to 4,248,155. Thus the small-pox mortality fell, owing to 
vaccination, from 1 in 397 of the population to 1 in 14,741 
— a sufficiently striking decrease. 

There is no doubt that Jenner was wrong in considering 
that vaccination once performed conferred an absolute 
inmiunity against small-pox ; and failure to recognise certain 
limitations in this respect has done harm by enabling dis- 
believers in the practice to create a distrust in the minds of 
the ignorant by pointing to individual instances of failure, 
in which complete protection had been promised. That a 
person who has been once vaccinated may afterwards suffer 
from small-pox is undoubted, although it is almost always 
the case that the subsequent attack of the disease is relatively 

^ Immermann, art. *' Vaccination." NothnageVs *' Encvcl. of 
Pi-act. Med.," English Ed., 1902. 
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niild (modiliecl small-pox). A certain number of deaths do 
however occur even among those who have been vaccinated. 
Even revaccination does not necessarily confer absolute 
immunity. 

In the lirst place, there is now no doubt that in many 
persons the period of immunity after vaccination ia 
not indefinitely pi-olonged. Perhaps seven years may 
be taken as the average period of fairly complete 
protection, but probably even during this time the degi'ce 
of resistance ia constantly diminishing. In the second 
place, it is most probable that modifications of general 
health may affect the individual's resistance to this, as to 
other diseases, even when immunity has been produced. 
Fatigue or ill-health may perhaps temporarily reduce the 
powers of defence. The longer, therefore, the period which 
has elapsed after vaccination, the less the degree of 
protection tliat is likely to persist, and the more easily will 
depressing circumstances sofBce to reduce it below the point 
necessary to confer immunity. The following table shows 
the gradually-diminishing protection afforded by vaccination, 
and the consequent increase of mortality as age advances : — - 
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Hence it cannot be too strongly insisted upon that not 
only vaccination, but revaccinati(m, is needful to protect the 
individual and society against smaU-pox. Children should 
notonly be vaccinated soon after birth — within the first three 
months of life — but revaccinated perhaps on going to school. 
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and certainly on leaving it. Should small-pox be at all 
prevalent, adults will be wise to have the operation repeated, 
if more than seven years have elapsed since they last under- 
went it. If as a matter of fact they are still immune, the 
vaccination will not ** take," and they will suffer no incon- 
venience ; while if it succeed they will have the satisfaction 
of knowing that they have gained a new lease of immunity. 
In this connection we may quote the following remarks 
by Dr. Sandiland ^ with regard to the protection of the com- 
munity at large by vaccination : — 

'*It cannot be too much emphasised that the extraordinary 
diminution in the mortality from small-pox in the last century has 
been due, not so much to the protection of a majority of the population, 
as to the absolute immunity of a minority, probably made up from 
persons at all periods of life, who are continually standing in the way 
of small-pox infection, and compelling it to travel by long and cir- 
cuitous routes before alighting, scattered and diluted, on patches of 
soil in which it can take root and flourish. 

Again, a person saved from small-pox by vaccination should not, 
so to speak, be counted as one, but rather should be represented by a 
figure standing for himself and all those whom he would have infected 
had he been overtaken by the disease. It is this process of the multi- 
plication of the benefits of vaccination which has reduced the small- 
pox mortality in England out of all proportion to the protective power 
of infantile vaccination, and which makes it reasonable to anticipate 
with confidence that if re vaccination in adolescence were added to 
infantile vaccination, small-pox would disappear, as indeed it has 
disappeared in Germany.*' 

Modified Small-pox. — Small-pox occurring in persons 
who have been vaccinated is generally of the kind known as 
"modified" small-pox. The eruption is generally scanty, 
and comes out rapidly, becoming vesicular within 12-24 
hours. Some of the papules may never develop into 
vesicles. The vesicles which do form are often smaller than 
those seen in the unmodified disease, and many of them dry 
up without becoming pustular. The crusts fall off more 
rapidly than in ordinary small-pox, and less pitting is 

' St. Bartholomew's Hasp. Journ.y July, 1903, p. 155. 
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generally left behind. The constitutional symptoms arc 
much less pronounced, and often subside entirely within two 
or three days, the patient being practically well within a 
fortnight of the onset. Complications are unfrequent and 
scarcely ever severe. 

Rapidity of Protection Gained.— With regard to 

the exact period at which immunity to small-pox is pro- 
duced by vaccination— i.e. on which day after the perform- 
ance of the inoculation— it is difficult to be certain. No 
doubt the immunity is a gradually-increasing one, but it is 
probably slight before the vesicles are well developed, and 
is mainly brought about from this period to the time when 
they become purulent. According to Bryce,^ protection is 
complete by the fourth day after vaccination, and only a 
modified small-pox is likely to ensue in cases in which 
exposure to infection is contemporaneous with vaccination, 
a fatal issue being improbable in such a case. It will be 
remembered that the incubation-period of small-pox is 
usually about twelve days, so that vaccinia will have time 
to develop to its full extent in the interval between infec- 
tion and the onset of symptoms. According to E. Hart, 2 
immunity reaches its maximum about the fourth week 
after vaccination. There is little doubt that individuals 
vary as to the rapidity with which protection is gained, as 
well as with regard to the length for which it remains. 
The "memory" of tissue-cells with regard to the production 
of immunising substances is as liable to vary as the mental 
memory for events. 

SERUM-TREATMENT. 

Serum of Immune Cattle. — Thomson and Brownlee 3 
made experiments with regard to a possible antitoxic 
influence, upon patients suffering from small-pox, of the 
serum derived from heifers which were immune to vaccinia. 

^ Boston Med. and Surg. Journal^ Feb. 26, 1903. 
2 Allbutt's " System of Medicine," Vol. ii., p. 578. 
8 Lancet, April 4, 1903. 
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Ijiir^e quantities of the serum were injected, but the results 
wore apparently quite negative. In certain cases a modified 
fonn of the disease occurred ; but, as the patients had beeD 
varcinai<*(l, it was probably to be attributed to this latter 
cause. The serum did not appear to influence the course 
of vaccination (re-vaccination) in one case. 

Antistreptococcic Serum. — With a view to diminish- 
ing complications the use of antistreptococcic serum has 
been suggested (Lindsey). Schoull ^ has made a practice of 
injecting GO cc. of this serum in doses of 20 cc., and gives 
even more than this in severe cases. No pain or re-action 
is induced by the injection, which is given in the flank, all 
antiseptic })recautions being taken. He claims that rapid 
improvcanent results in all the symptoms which are con- 
nected with the eruption. The painful condition of the 
fac(^ subsiiles ; photophobia, dysphagia, and hoarseness 
diminish ; pruritus is checked. In some instances a single 
injection of the antistreptococcic serum produced an 
immediaU^ fall of temperature. Even haemorrhagic cases 
may recover under this treatment. In all Schoull treated 
five haMiiorrhagic, eight confluent, and nine discrete cases. 
Out of these, two patients died (9 per cent.), whereas the 
g(Mieral mortality in cases not so treated was 20 '5 per cent. 
Alfred Smith 2 speaks enthusiastically of this method of 
treatment, as shortening the duration of the disease and 
preventing pitting and complications. The serum should 
b(j used e.arly, and in sufficient quantities (20 cc, repeated). 

CONCLUSIONS. 

1. Vaccination confers an active immunity against 
small-pox, and protects almost absolutely for a certain 
period of time. This immunity gradually diminishes, and 
in man3^ cases disappears after a longer or shorter interval, 
which varies in different individuals. The immunity may 
be renewed by re vaccination. 

1 La Semaine Med., March 11, 1903; Med, Kew8, April 25, 1903, 
p. 794. 

2 Med. Record, April 2, 1904, p. 633. 
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2. In a person who has been even once vaccinated 
small-pox generally occurs, if at all, in a modified form, 
which is comparatively seldom fatal. 

3. If calf -lymph, duly sterilised, be used, the danger of 
any ill effects resulting is very small indeed. Complica- 
tions are generally due to want of cleanliness and lack of 
care in the after-treatment of the lesions resulting from 
the inoculation. 

4. Complications in the course of small-pox are gener- 
ally due to intercurrent infection with pyogenic organisms, 
and there is reason to believe that the use of antistrepto- 
coccic serum may prove beneficial in averting or modifying 
them. 

5. Attempts to treat the disease with a serum derived 
from immune cattle (anti-bacterial ?). have been unsuc- 
cessful. 

6. No antitoxic serum is known. 
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CHAPTER IX. 

HYDROPHOBIA (RABIES). 

Causation. — Up to the present time the actual cause 
of hydrophobia, or rabies as it is called when it affects the 
lower animals, is absolutely unknown. A large number of 
organisms have at one time and another been announced as 
the excitants of the disease (bacteria, protozoa, <fec.), but no 
one of them lias so far withstood the test when its claims 
were more fully investigated. 

Most recently of all Negri ^ has described parasites in 
the large nerve-cells of the cerebral cortex, cerebellum, <fec. 
Some of the organisms contain a number of small refringent 
bodies like spores. They appeared as a rule just before the 
onset of symptoms in the rabbit, and were found in one 
case of human hydrophobia. Negri regards the bodies as 
protozoa, and states that they occur only in hydrophobia 
and not in other conditions. They are easily demonstrable 
by ordinary staining methods. Uemlinger and Kifiat Bey - 
state that they have succeeded in passing the virus of 
labies through a Berkefeld filter ; if this be confirmed, it is 
necessary to conclude that the infective agent is capable of 
existing in a very minute form, at one period at all events 
of its life-cycle. 

The virus or infective material, whatever its nature, 
resides in the saliva of infected animals, as is evident from 
the fact that the disease is most often conveyed by bites of 
rabid animals ; but it exists in still greater concentration in 
the central nervous system (brain and spinal cord). It is 
probably not present in the blood or in most of the organs 
of an animal which has died from the disease, but is found 

1 Zeitschr.f. Hygiene u. Infectionskrank., 1903, xliv., 607. 
'^ Comptes vendues de la Soc. de Biol.j 1903, Iv., 730. 
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on the secretions of certain glands (lachrymal, mammary, 
pancreatic) ; possibly the poison "is excreted by these 
channels. The toxine of rabies bears very close resem- 
blance to that of tetanus in many of its properties. Thus 
it has a marked affinity for the nervous system, passing to 
the central portions of this by way of the peripheral nerves 
(cf. p. 103) ; it produces 6rst a stimulation of the reflex 
activity of the nervous centres, though this is followed 
later on by paralysis ; its effects on the cerebrum are 
manifested by excitement and delirium analogous to the 
phenomena noted as the result of injections of tetanine 
into the brain substance. Further, the occurrences in the 
wound itself bear some resemblance to those met with in 
tetanus, as in each case the injured point may cicatrise, but 
with the onset of the disease pain may occur in the scar ; 
while Pace^ has shown that the virus of rabies remains 
locally at the seat of inoculation, as do the bacilli of 
tetanus. Deep wounds of a lacerated nature are those 
most liable to give rise to hydrophobia, just as injuries of 
this sort are those most commonly followed by tetanus. 

The fact that attempts to cultivate any causal organism 
from tissues known to contain the virus of rabies have 
invariably failed, might suggest the probability that the causal 
agent is of the nature of a protozoan rather than a vege- 
table parasite. The virus can be preserved in an active 
condition for long periods in glycerine, in which property it 
resembles that of vaccinia. If it be proved that, as is held 
by Councilman, the causal agent of vaccinia is a protozoon, 
an additional argument might be drawn from this fact in 
favour of the organism of rabies also belonging to this 
class. That a living germ is present seems practically 
demonstrated, apart from probabilities based on the analogy 
of other infective diseases, by the fact that sterilised virus 
is incapable of acting as a vaccine. 

Infection. — In man the disease is practically always 
conveyed by the bite of a rabid animal, though instances 

1 Ann, de Vlnst. Fasteur, 1903, Vol, xviV., i^. I^o. 
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have been recorded in which infection was caused by the 
mere licking of the hand by a rabid dog, and a case is men- 
tioned by Gowers in which a man contracted the disease 
by untying with his teeth a cord used to fasten up a dog 
suffering from rabies. Other animals besides dogs may 
become rabid and inflict bites; thus Ferre^ states that 
among 100 cases treated at Bordeaux 88 were due to 
bites from dogs, 10 to cats, 1 to a bite from a pig, and 
1 to a rabbit. Pampoukis'2 statistics of 1,300 cases show 
92*8 per cent, due to dogs, 4*4 per cent, to cats, 1*2 per 
cent, to bites of other animals, and 1 -3 per cent, to mere 
"contamination with saliva" (licking?). Bites from rabid 
wolves are specially dangerous, owing to their severe, 
lacerated character. In India, jackals are a source of 
special danger ; thus most of the fatal cases during the 
year 1901 occurred among a batch of 35 cases treated 
for jackal-bites during August of that year.^ 

Statistics as to the percentage number of all cases bitten 
oy rabid animals which subsequently develop hydrophobia 
are somewhat difficult to obtain. J. R. Bradford * puts it 
at 16 to 25 per cent. ; some authorities give rather higher, 
others lower, figures. It is, at any rate, certain that all 
who are bitten do not develop the disease, even apart from 
treatment. This fact is of importance in estimating the 
benefits derived from preventive inoculations. When once 
it has appeared, the disease is invariably fatal. Persons 
bitten through their clothes are not very likely to be 
attacked by hydrophobia, as the virus is wiped off the 
teeth of the animal in passing through the dress-materiaL 
Natives of India and other hot countries are thus more liable 
to suffer from hydrophobia than are Europeans resident in 
the same districts, owing to the scantiness of their clothing. 

1 Ann. de VInst. Fasteiir, 1902, p. 391. 

2 Op. infra cit. 

3 Ann. Rep. of the Sanitary Commisisioner with the Government 
of India, 1901, p. 128. 

* Art. " Hydrophobia " in Quain's ** Dictionary of Medicine," 
[. Third Edition, by Montague Murray. 1902. 
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Incubation-period. — The incubation-period of hydro 
phobia is very long, varying from about three weeks to 
(possibly) some years. As to the extremely long periods 
assigned to the incubation of this disease, there is consider- 
able doubt. Kaspareck and Teuner i relate a case in which 
the disease occurred seven months after infection, in spite 
of prophylactic inoculation. Pampoukis,^ out of a number 
of cases not treated in any way, found that 9 3 per cent, 
occurred within the first month after the bite, 534 per 
cent, in the second month, and 37*2 in the third month. 
Probably six weeks may be looked on as the average period 
of time between the injury and the onset of symptoms. 

It is hardly necessary to point out that the popular 
belief that hydrophobia may result from the bite of a dog 
which subsequently becomes rabid is erroneous. It is 
founded probably (if it be not a mere superstition) on the 
fact that the virus of rabies is present in the saliva of 
animals for some days before actual symptoms of disease 
are manifested. The period is generally put at two or 
three days, but Pampoukis states that it may be present as 
long as eight days previously. The belief just alluded to 
is unfortunate, as leading in many cases to the immediate 
destruction of a dog which has inflicted a bite, a course 
which renders it difficult to say whether it was really rabid 
or not at the time. If there is any doubt as to the condition 
of a dog which has bitten any one, the animal should be pre- 
served alive and carefully watched. If it be rabid, symp- 
toms will develop within a week, a period of time the lapse 
of which will not necessarily prevent subsequent prophy- 
lactic treatment from being effectual. On the other hand, 
if the dog be killed, it will only be possible to ascertain that 
it was suffering from rabies by inoculation-experiments made 
with its brain or spinal cord. Three weeks will be neces- 
sary for this purpose, this being the incubation-period in 
rabbits for inoculated rabies. Much valuable time will 

1 Berlin, klin. TFoeh., 1902, September 8, p. 844. 

2 Ann. de VInst, Pasteur, 1900, p. ill. 
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thus \)e lost, and it may then be too late to undertake 
prophylactic vaccination with success. 

Anatomical Changes Produced by Rabies.— The 

chief pathological appearances are found in the nervous 
system. The changes are most intense in the lower part of 
the medulla oblongata, but they are also found in the cerebral 
hemispheres and elsewhere. The meninges are inflamed 
and ojdematous; and on section of the cord or brain, 
punctiform haemorrhages may be visible. These are pro- 
duced by a degeneration of the walls of the veins and 
capillaries. Small collections of leucocytes may be found 
around the blood-vessels or nerve-cells, forming the rabic 
" tubercles " of Babes. The ganglion- cells show changes 
somewhat similar to those met with in tetanus ; the 
chromatin breaks up, and the processes of the cell disappear. 
Ultimately the cell itself may be disintegrated, and its 
place taken by a collection of leucocytes. These changes 
may be specially marked at points corresponding with the 
entrance of nerves coming from the seat of the bite. 

The larynx and trachea are hypersemic ; as are also the 
salivary glands and the mucous membrane of the stomach. 
Petechial hasmorrhages may be seen in these parts. The 
stomach is frequently found in rabid animals to contain 
sticks, straw, stones, hair, and other foreign bodies, which 
have been swallowed by the animal owing to the disordered 
appetite which is characteristic of the disease. The presence 
of such things is a strong evidence of rabies. 

Modification of the Virus of Rabies.— Although 

nothing is known of the poisonous material which gives 
rise to this malady, yet experiments show that it resides 
chiefly in the nervous system of infected animals, and that 
it can })e modified in various ways. Thus, light, air, and 
desiccation rapidly destroy the virulence of rabic matter. 
Heat, also, has the same effect, and so has the addition of 
antiseptic drugs, though the resistance offered to these last 
is considerable. Carbolic acid (1 : 20) cannot be relied upon 
to destroy the virulence of emulsions of brain-substance in 
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less than an hour, and perchlorido of mercury (1 : 1,0UU) 
takes three hours to sterilise this fluid. Dig* 'st ion with 
gastric juice diminishes the \irulence of inferte<l spinal 
cords; and this method of producing a vaocint* lias Ihtii 
employed in Italy, and is known as the ''Italian int»tho<l.'' 
Post-mortem decomposition has little efleot in (U*sti*oyiii;: 
the virus of rabies, which may remain {K^tent for at least 
a month after burial of a carcase. As already inentio!u*d, 
glycerine is a good preservative of the virus. 

Exaltation of virulence may \)e effectinl !)y passim; tin* 
virus through a succession of rabbits, which an* very sensi- 
tive to the disease. After passage through a lar^'c number 
of these animals the incubation-peiiod is grathially shoiteiuMl 
from about three weeks or a little less to a constant period 
of six or seven days. Virus of this degree of virulence is 
called by Pasteur "virus fixe,"i and is use<l in the pr(*para- 
tion of his vaccine. Some authorities maintain that the 
virus which has thus Vieen exalted in virulence for rabbits 
is really attenuated for mankind. 

ANTIRABIC VACCINATIOX. 

Pasteur's Vaccine. — Pasteur discovered that by dryini,' 
the spinal cords derived from ra})id animals for vai yini,^ 
periods of time he could prepare a series of \iiuses of 
graduated strengths. Thus, if such a cord is dried tor 14 
days, it loses all its toxic potency ; if it is submitted to this 
process for only three or four days, the virulence is but 
little reduced. Immunity to rabies, as to othei- infective 
diseases, can be induced by injecting at first niinute doses 
of the organism or toxine, and gradually increasini,' the 
doses until quite strong virus can be employed. CJnul nation 
of the dose is effected by taking ecjual amounts of 
nervous matter from spinal cords which have l)een <lned 
for vaiying lengths of time. Th(» actual vaccine consists of 
a small quantity (1 cm. length) of the substance of the 

' As opposed to the virus of uncertain stronj^th [virus (h la rur ; 
Straiseiiwulh) derived from accidentally -in feclol luumvvV^. 
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spinal cord of a rabbit which has been killed by inoculation 
with the " fixed virus," rubbed up into an emulsion with 
5 cc. of sterile broth or salt-solution. About 3 cc. of the 
resulting fluid are injected. A cord dried for fourteen days 
is used for the first injection : on succeeding occasions emul- 
sions of less attenuated virus are used, till finsdly a portion 
of a spinal cord dried for only three or four days is 
employed. A scheme of the actual doses may be thus 
drawn up : — 



Ordinary Treatment. 


Intensive Treatment. 




Cord Dried 


2 injections 


Cord Dried. 


First day — Morning 


14 days 


14 and 13 days 


Evening 


13 „ 


i> 


12 and 11 „ 


Second „ Morning 


12 „ 


it 


10 and 9 „ 


Evening 


11 », 


tt 


Sand 7 „ 


Third „ lilorning 


10 „ 


1 injection 


6 days 


Evening 


9 M 


»» 


a 


Fourth „ Morning 


8 M 


»^ 


5 days 


Evening 


7 ,, 


»f 




Fifth „ Morning 


6 „ 


it 


>f 


Evening 


6 ,. 


)> 




Sixth „ Momiog 


„ 


>i 


4 days 


Seventh ,, ,, 


5 » 


a 


3 days 


Eighth „ 


4 ,, 


it 


4 days 


Ninth ,, „ 


3 „ 


9J 


3 days 


Tenth „ „ 


5 ,, 


»» 


5 days 


Eleventh day „ 


5 „ 


»i 


a 


Twelfth „ „ 


4 „ 


it 


4 days 


Thirteenth „ „ 


4 „ 


ti 


i» 


Fourteenth „ ,, 


3 ,, 


it 


3 days 


Fifteenth „ „ 


3 „ 


it 


»» 






On the following 


; 6 days six moro 






injections of 6-, 


4-, 3-, 6-, 4-, 3^ay 






cords respectiv 


ely. 



A more rapid form of vaccination is used in cases in 
which the bites are about the face and head, as in these 
cases the incubation-period is usually shorter, and therefore 
it is important to produce a full degree of immunity as 
quickly as possible. This is known as " intensive " treat- 
ment. It will be seen in the scheme given that the virulent 
toxine contained in a cord only dried for three days is here 
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administered on the sixth day, instead of on the ninth, as 
in the ordinary method. 

The exact arrangement of the doses -varies a little at 
ditferent institutions. Marx states that in BerHn it is con- 
. sidered that the virulence of the dried cord is lost about the 
eighth day, instead of the fourteenth. Hence the Berlin 
authorities consider that the first few days of the Paris 
treatment are wasted, only material which is quite inert 
being inoculated ; they, therefore, adopt a scheme according 
to which on the 6rst day cords of the seventh and eighth 
days are administered ; on the second day, cord of six days' 
drying, and so on, reaching a cord dried for three days on 
the sixth day of treatment. Then cords of five, four, and 
three days* drying respectively are eacli administered for 
two days, and on the fourteenth and fifteenth days cords 
only dried for two days. Then for the last four days of the 
treatment slightly less virulent material is again employed 
In the intensive treatment at Berlin a cord of three days* 
drying is reached on the evening of the third day of treat- 
ment, and one of two days' on the eighth day. The whole 
intensive course, here also, lasts 21 days. 

Institutes for antirabic inoculation are now numerous. 
Besides the Paris " Pasteur Institute,*' there exist others 
at Lille, Marseilles, Montpellier, Lyons, and Bordeaux, in 
France ; Berlin, Vienna, Buda-Pesth, Berne, Odessa, Algiers, 
Kasauli (India), (fee. Different modes of preparing a virus 
of diminished virulence for purposes of inoculation are 
adopted in different countries. Thus, the Italian method 
of Tizzoni and Centanni is to treat the spinal cords with 
gastric juice, which has an attenuating effect on the virus. 
Hogyes, in Buda-Pesth, merely dilutes an emulsion of viru- 
lent material to different degrees, using a high dilution for 
the first injections, and gradually raising the strength on 
succeeding days. The theory underlying this procedure is 
that the usual method of attenuation by drying alters the 
quantity of the virus, but not its quality ; in other words, 
it kills a certain proportion of the germs px^^^iv^j, ^o \Xv^\i ^ 
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smaller number of them are injected at a dose, but it does 
not alter their virulence. Hence, the same result may be 
obtained by simple dilution. The practical results of this 
method seem to bear out the theory on which it is founded, 
as very favourable statistics are shown of the work of 
Hogyes* institute. 

EflFeCtS of Antirabic Vaccination.— The effect of Pas- 
teur's method of vaccination in cases of bites by rabid animals 
is to produce an active immunity. Since the infective agent 
in rabies is not known, it is impossible to say with certainty 
whether the immunity depends on an antitoxine or on a 
germicidal state of the serum and tissues. The latter is the 
more probable, as it has already been shown that the virus 
must contain a living organism, not merely a toxine. 
Owing to the long incubation-period of hydrophobia it is 
possible to induce immunity to the disease between the time 
at which the bite was inflicted and that at which the 
symptoms commence. Thus the treatment is in reality 
prophylactic, and not in any way curative. If the symp- 
toms have already set in, Pasteur's treatment is of no avail. 
The analogy to ordinary vaccination (against small-pox) is 
exact. In the latter, vaccination carried out at the time 
of exposure to infection may protect against the disease, 
since the incubation of vaccinia is shorter than that of 
small-pox. The difference here, however, is not very great, 
and more often such vaccination will only lessen the 
severity of the ensuing attack of small-pox. In the case 
of ra})ies, which has an incubation-period of about six weeks 
as a rule, there is full time for immunity to be produced 
before the disease appears, and protection is thus usually 
complete. 

Results of the Treatment.— A good deal of scepticism 

was expressed as to the value of Pasteur's treatment when 
it was first introduced ; it was even suggested that it might 
result in conveying the disease instead of preventing it, and 
it is possible that accidents of this kind have actually 
occurred. At the present time there can no longer be any 
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doubt as to its efficacy, or as to the boon conferred on the 
human race by its discovery. The exact mortality from 
hydrophobia in all cases of bites by rabid animals, in times 
before the inoculation-treatment was introduced, cannot be 
exactly calculated, but it may safely be put at not less than 
10 per cent., whereas now among the cases treated at the 
various Pasteur institutes the death-rate has been reduced 
to a fraction of 1 per cent. The following table shows 
the annual mortality at two separate institutions — the 
original Pasteur Institute in Paris,^ and the similar founda- 
tion in New York^ : — 



Table showing Deaths prom Hydkophobia amoxg Cases tueated 

IN Paris and New York. 
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It will be seen from these figures that the death-rate 
has never reached 1 per cent, in Paris since the Institute 
was started, while in New York the percentage has only 
twice been over that amount. 



^ Viala, Ann. de VTnst. Pasteur^ 1902, p. 452. 
2 Rambaud, Med. News, 1902, \., e>^5. 
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Veiy full statistics are published by all the Pasteur 
institutions as to the exact nature of the cases treated, in 
which these are tabulated according to the region of the 
bite and the evidence available as to the reality of the 
disease from which the dog or other animal which inflicted 
the injury was suffering. In the tables below, Class A 
contains cases in which the dog was proved by conclusive 
evidence to be rabid ; Class B, those in which rabies was 
certified by a veterinary surgeon, as a result of examination ; 
and Class C, those in which the nature of the disease in the 
animal was doubtful. The injuries are classified, as a rule, 
according as they were on the face, hande, or lower limbs, 
the last being usually covered with clothes. 
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In the table on page 159 are given the figures supplied 
by the Indian Pasteur Institute at Kasauli, ' under Major D. 

' Annual SfjK'C of the Sanitary CmmmiiioHer with the Gevtmmtnt 
of India, 1901, p. 128. 
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Seraple, M.D., R.A.M.C, which are on a slightly different 
system, the classes being, however, the same. The statistics 
for Europeans and natives are given separately, the latter 
being liable to more extensive and dangerous bites owing to 
their lighter clothing. 

Ferr^ ^ records that at Bordeaux there were treated, in 
1901, 100 cases of bites by rabid animals, with no deaths. 
Trolard,2 in Algiers, treated 1,836 patients, among whom 
there occurred nine deaths (0*49 per cent.). 

The immunising injections are generally administered 
subcutaneously over the abdomen, as here it is easy to 
avoid injury to any nerves. Krasmitski '"^ recommends 
intravenous injection of a filtered emulsion, as producing a 
more rapid protection. He states that he has successfully 
treated seventy cases in this manner without any ill effects. 

The importance of early treatment after the injury has 
been inflicted is proved by the statistics of the Odessa 
Institute,* which show that of 4,602 cases treated within 
the first week, 26 deaths occurred, giving a mortality of 
0*56 per cent. ; among 961 treated in the second week, 
16 died, or 1*66 per cent. ; while among 313 treated in the 
third week, 10 deaths ensued, a mortality of 3*19 per cent. 

SE RT JM-TRE ATMENT. 

Antirabic Serum. — The serum of animals immunised 
by the Pasteurian method is capable of neutralising the 
virus of the disease. If a sufficient amount of the serum be 
mixed with an emulsion of virulent spinal cord and injected 
into a rabbit, no symptoms of disease will develop. As 
previously mentioned, in the absence of all knowledge of 
the causal agent of hydrophobia it is impossible to ascertain 
whether the serum is antitoxic or germicidal ; but proba- 

' Ann. de VInst. Pasteur, 1902, p. 391. 

2 Ihii., 1900, xiv'., p. 190. 

3 Ibid., p. 393. 

* Quoted by Deutsch and Feistmantel, '' Impstoffe und Seia,'* 
Leipsig, 1903. 
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bilities are ia favour of the latter. Tizzoni and Centanni,^ 
as the result of prolonged experiments, suggested the use of 
this serum as a protective against the disease in persons 
who had been bitten, instead of the Pasteurian treatment. 
They consider that their method is quicker and equally 
certain. In some cases, also, this serum may act as a cure 
(in rabbits) when the symptoms of the disease are just 
beginning, a period at which ordinary immunising treat- 
ment would be absolutely useless. 

Preparation. — The method of preparing the serum is 
by inoculating sheep with rabic material attenuated by the 
*' Italian method " (p. 155). For the first series of inocula- 
tions, 17 injections in all are given over a period of 20 days, 
each dose consisting of 0*25 grm. of virus for every 
kilogramme of body-weight. The injections are given siib- 
cutaneously. Later on, immunity is kept up by further 
inoculations at intervals of 2 or 2^ months. The serum is 
withdrawn on the 25th day after the last injection. The 
fresh serum may be dried at a gentle heat over sulphuric 
acid, and preserved in this form indefinitely. 

The serum thus prepared will protect animals against 
rabies when administered in doses equivalent to 1/25,000 of 
the body-weight. One-and-a-half drops may protect an 
animal weighing 2 kilogrammes. A serum of this strength 
is called " typical serum " (S. T.). 

Tizzoni and Centanni state that their serum is applicable 
to man, and recommend that doses of 20 cc. should be used, 
given in three injections — one-half first, then the remain- 
ing half in two other doses at intervals of three days. 
The above amount is advised for cases which come under 
treatment within the first four days after the bite. For 
cases seen between the fourth and fifteenth days the amount 
of serum should be doubled, and very large quantities 
should be given in cases of bites about the face and head. 

Serum-treatment does not appear to have been actually 
tried on man. It would, however, seem advisable to have 

1 Lancet, 1896, ii., 659, 727, and 780. 
L 
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recourse to it in cases which are only seen some time after 
the injury has taken place, and in which there is therefore 
reason to fear that there will not be time enough to pro- 
duce immunity by the Pasteurian method. It would be 
well to inject some of the serum in any case in which pain 
or discomfort began to be felt in a wound inflicted by a 
})iie, after this has healed up, even before any symptoms 
of hydrophobia were manifested. The serum is quite 
harmless in any case. 

COXCLUSIOXS. 

1. In all cases of bites by rabid animals, recourse 
should be had as soon as possible to antirabic inoculation. 
It is important that this should not be delayed. There is 
practically no danger in the procedure. 

2. If possible, in cases where there is doubt as to 
whether a dog which has bitten anyone is rabid or not, the 
animal should not be killed at once, but should be kept 
under close observation. In this way a positive diagnosis 
can be made in a few days ; otherwise it may be necessary 
to have recourse to experimental inoculations to decide the 
question, and such experiments take some weeks. It would 
not be safe to await the results of these before undergoing 
treatment. 

3. If for any reason the preventive treatment has been 
put off till unduly late, it would seem advisable to inject 
antirabic serum as a prophylactic measure, if it should be 
available. 
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CHAPTER X. 

PLAGUE. 

Causal Organism. ^ The Bacillus pestis was dis- 
covered by Yersin in 1894. It is a short, thick bacillus, 
with rounded ends. It is non-motile, but possesses several 
flagella. It grows well on ordinary laboratory media, 
either aerobically or in the absence of oxygen. It is not 
known to form spores. The B. pestis stains readily 
with aniline dyes, but is decolorised by Gram's method. 
The ends of the bacilli take the stain much more strongly 
than the central portions (polar staining), so that the 
organisms may at first sight somewhat resemble diplococci. 
Within the body they occur, as a rule, singly or in pairs 
(diplo-bacilli), but in artificial media they may form chains. 
They sometimes exhibit a definite capsule. 

A very characteristic growth is formed by the bacillus 
in broth to which a few drops of oil or fat have been 
added. Each drop as it floats on the surface of the liquid 
acts as a focus for the development of the organisms, 
which form colonies hanging down into the medium in the 
shape of stalactites. This mode of growth seems to be 
confined to virulent bacilli, and the method is used for the 
preparation of vaccine. Grown artificially, the organisms 
soon lose their toxicity, but this is restored by passage 
through a susceptible animal. 

The ordinary laboratory animals (rabbits, guinea-pigs, 
mice, and rats) are all susceptible to infection with plague- 
bacilli. Horses, cattle, sheep, and goats are immune, but 
may be affected by injection of the toxines of the bacilli in 
the form of a solution of their dead bodies. Rats are 
spontaneously affected by the disease, a great vsioxWvSfe^ 
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among these animals being often a forerunner of an outbreak 
among mankind. 

Toxines and Pathogenic Effects.— The Bacillus 

pestis does not appear to form virulent poisons in culture- 
media, ^ but the bodies of the bacteria themselves are 
highly toxic. By its action as a parasite, the organism 
produces a " heemorrhagic septicaemia," that is to say, a 
general infection (the organisms multiplying in the blood- 
stream), with interstitial haemorrhages in the various organs. 
The common form of plague is characterised by the appear- 
ance of a bubo, or mass of swollen and inflamed lymphatic 
glands, in some part of the body. This occurs most fre- 
quently in the groin, but may be produced anywhere, 
according to the point of entry of the germs. Infection 
probably occurs through the skin by means of some breach 
of surface, such as the bite of an insect. The view that 
it is directly transmitted by bites of fleas, derived fi-om 
rats suffering from the disease, is not well authenticated ; 
it is, however, not impossible. 

In the pneumonic variety of plague direct infection 
may occur, owing to the number of bacilli which are pre- 
sent in the expectoration. In the other varieties this direct 
infection is not common, at any rate, in hos[)ita1s, where 
precautions against spread of the disease are taken. 
Curative serums have been prepared for the treatment of 
the disease, and protective vaccination has been carrietl 
out. 

IIAFFKIXE'S PROPHYLACTIC. 

Preparation of Vaccine. — Haffkine prepares his 
vaccine by growing the B. pestis in flasks of broth in the 
manner already described (stalactite-formation). The vessels 
are shaken from time to time, by which means the hanging 
colonies are thrown down into the fluid, and others form 
in their places. After growth has gone on for a month 

* Klein's experiments, however, seem to show that some toxic 
material is contained in the fluid of broth-cultures of the bacilli 
see p. 166). 
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or six weeks, the bacilli are killed by heating to 70° C. 
for one to three hours, and the fluid is tested by culture to 
make certain that it is sterile ; after which it is ready for 
use as vaccine. The usual dose for an adult msui is 3cc., 
for a woman rather less (2 to 2^ cc.) ; children receive still 
smaller amounts. The vaccine is given by subcutaneous 
injection in the arm. The administration is followed by 
redness and swelling at the seat of inoculation, and con- 
stitutional symptoms in the form of rise of temperature 
and feeling of illness. The latter pass off in about twenty- 
four hours, but the patient should spend the first day after 
the treatment at rest, not resuming his ordinary avoca- 
tions till the second day. 

Results of Inoculation. — Haff kine considers that pro- 
tection against plague is produced rapidly — at the end of 
24 hours. In view of the facts ascertained by Wright with 
regard to antityphoid inoculation, it seems likely that there 
may be at first a period of increased susceptibility to 
infection, and this has been asserted by Calmette. Banner- 
mann, however, denies that this is the case, and considers 
that the injection does not aggravate an attack if made 
during the incubation-period. Of the figures given by 
Haffkine as to the results obtained with his inoculations, 
we may quote those relating to the village of Undhera.^ 
Among 64 uninoculated persons, there were 27 cases of 
plague, and 26 of these proved fatal ; while among 71 inocu- 
lated i)ersons — members of the same families as the former 
and living under exactly the same conditions — there 
were 8 cases, 3 of which were fatal. The deaths among 
the uninoculated thus exceeded those among the inoculated 
by 89 65 per cent. 

Leuman^ records that of 1,173 mill-hands, 1,040 were 
inoculated twice : among these there were 22 deaths (2*11 
per cent.); of 58 inoculated once, 8 died (13*79 per cent ) ; 



1 Zancei, 1899, i., p. 1,697, 

2 Quoted by Miss Slaughter. See next note. 
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of 75 not inoculated, 20 died (26*6 per cent). Bannermann ^ 
states that in a total of 6,000 cases the mortality among the 
inoculated was 43*5 per cent., while among the uninoculated 
it was 73*7 per cent. 

The Indian Plague Commission reported as follows with 
regard to this method of prophylaxis : — 

(1) Inoculation sensibly diminishes the incidence of 
attacks of plague. It is, however, not an absolute protection 
against the disease. 

(2) The death-rate is markedly diminished by its means, 
not only the incidence of the disease, but also the fatality 
(case-mortality) being reduced. 

(3) The protection is not conferred on those inoculated 
for the first few days after the injection. 

(4) The duration of the immunity is uncertain, but it 
seems to last for a number of weeks, if not for months. 

The mode of action of Haffkine's prophylactic is presum- 
ably the same as that of other vaccines, viz. it depends for 
its efficacy on the presence of the actual bacteria contained 
in it. It has, therefore, generally been supposed that the 
precipitate that forms in tubes of the vaccine which are 
allowed to stand, consisting of the bodies of the dead 
bacteria, is the effective part of the preparation. Klein 2 
has recently thrown some doubt on the inert nature of the 
supernatant fluid. He finds that it has a certain, though 
small, protective influence on rats. Further, he finds that 
the blood of immunised animals is agglutinative towards the 
B. pestis, but not bactericidal. 

Wurtz and Bourges,from experiments on white mice,^ find 
that the protective power of the prophylactic is consider- 
able, and lasts for a moderate period of time (two or three 
months). Haffkine considers that the protection afforded by 

^ Quoted by Miss Slaughter, Johns Hopkins Hosp. Bul.^ Nov., 
1903, p. 307. 

'■^ Thirty -Jirst Ammil Report of the Local Government Boardy 1901-2 ; 
Sui)plement containing th j report of the Medical OflScer, 1903, pp. 
' - 357-394. 

' Arch, de Med. Experimentale, &c., 1902, p. 145. 
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his prophylactic lasts as long as six months. The general 
opinion in India is that it is " absolutely safe for three 
months. " liCuman found that the protection gained by those 
twice inoculated was ten per cent, greater than that of 
the once-inoculated. 

Pleifferi considers that the bacilli lose some of their 
virulence by being cultivated in broth, and that their 
efficacy as a protective is thus diminished. He has accord- 
ingly prepared a vaccine from fresh cultures of the B. 
pestis on agar. These are emulsified in broth or salt- 
solution, and sterilised at 65** C. The reaction produced 
by injection of Pfeiffer's preparations is more intense than 
that seen after Haffkine's prophylactic. No statistics are 
available for forming a judgment as to the value of this 
vaccine as compared with Haffkine's. 

TERNI AND BANDFS VACCINE. 

Terni and Bandi ^ prepare a special material for use as 
a vaccine against plague, by injecting guinea-pigs intraperi- 
toneally with plague-bacilli and collecting the inflammatory^ 
fluid which is secreted into the peritoneal cavities of the 
animals. This fluid is sterilised by heating for a short 
period of time, on each of several consecutive days, to 50° 
C, and is preserved by the addition of a small proportion 
of carbolic acid. The inventors claim that by means of 
this vaccine immunity may be produced in eight to ten 
hours, and that the blood of persons so treated possesses 
bactericidal powers. 

Havelburg^ records that this vaccine was used with 
good effects in Brazil. Pinto * also records good results 
with anti-plague vaccinations (with this remedy ?) : out of 
1,803 persons vaccinated only two contracted plague, and one 

^ Quoted by Marx,*' Diagnostik,Serumtherapie ii. Prophylaxe,"p.81. 

2 Deutach, med. Woch., 1901. 

3 Berlin, klin. Woch., 1901. 

* Abstr. in. Journ. of the American Med. Assoc. ^ 1902, i., 681. The 
nature of the vaccine used is not stated in the abstract. I have been 
unable to obtain the original article {Tidsskrift f. d. Korske Laegeforen,^ 
Feb. 1, 1902). 
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of these cases occurred immediately after the vaccination. 
He considers the results of the treatment to be brilliant, 
but it must also be remembered that the plague in Brazil 
was apparently of a mild type. Kolle and Otto ^ regard 
Terni and Bandi's vaccine as quite inert. 

LUSTIG AND GALEOTTI'S VACCINE. 

Th(» material used for the preparation of Lustig's serum 

(p. 171) may be employed for the purpose of vaccinating 

against the disease. It is prepared by growing the bacilli 

ill broth and then on agar. The bacteria are then washed 

off and dissolved in a 1-percent solution of caustic potash, 

and the fluid is neutralised with 1-per-cent. acetic acid. A 

prt>cipitate is thus formed, which is highly toxic, containing 

»iH it do(;s the intracellular poisons of the bacilli. It is 

(lri('(l t?i vacuoj and can be readily preserved in this form. 

For us(; as a vaccine, it is dissolved in a weak solution (1 or 

2 p(^r cent.) of sodium carbonate. The dose for an adult is 

()01.'53 grm. of solid substance. Two grammes of the solid 

dissolved in 1 litre of solution will afford material for 143 

vaccinatioiiH.2 Statistics as to the use of this vaccine are 

not available. 

YEHSIN'S SERUM. 

Preparation of the Serum.— The original method of 

Yersin, Calmette, and Borel ^ for the preparation of anti- 
plague serum was by inoculation of horses with fresh agar- 
cultures of the bacilli. It was subsequently found by 
Boux and Wladiniiroff that as effective a seinim could be 
obUiiiied by injection of cultures sterilised by heat, by 
which proceeding the danger attending the use of living 
organisms could be avoided. The serum is difficult to 
j)repar(} of adcjcjuate strength, and attempts at its manu- 
facture ar(5 at times unsuccessful. Krumbein, Tavel, and 
GluckHUianii "^ took a year and a half in attaining a suffi- 

^ Deutsch. tnecl, Woch.y July 9, 1903. 

2 Deutsch. u. Feistmantel, "Impstoffe u. Sera," Leipzig, 1903. 

' Ann. de VInst. Pasteur, 1895, p. 690. 

* Centralbl.f. BakterioL, 1901, p. 742. 
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ciently active serum. Six months is the time usually found 
necessary for the preparation of the serum at the Paris 
institution. Before the serum is finally drawn off for use, 
the blood of the horse is tested on mice to ascertain that no 
living bacilli are contained in it. One-tenth of a cubic 
centimetre of serum should protect a mouse from a dose of 
living bacilli which kills a control-mouse in two or three 
days. 

Value of Yersin's Serum. — Yersin gives the follow- 
ing account of his experiences in Amoy.^ Twenty- three 
cases were treated in all. Of these : — 

Six cases treated on the first day, all recovered within 
24 hours. Dose, 20-30 cc. No suppuration 
occurred. 

Six cases treated on the second day, all recovered within 
3-4 days. No suppuration. Dose, 30-50 cc. 

Four cases treated on the third day, all recovered within 
4-5 days. Dose, 40-60 cc. Two suppurated. 

Three cases treated on the fourth day, all recovered 
within 5-6 days. Dose, 20-50 cc. One suppurated. 

Four cases treated on the fifth day, two died. Dose, 
60-90 cc. 

In Nhatrang (Annam),^ out of 23 cases treated with 
the serum, 19 recovered and 14 died (mortality, 42 per 
cent.) ; of 39 cases not treated, all died (100 per cent.). 

Calmette and Salimbeni ^ used the serum in Oporto. 
They report that, of 142 cases injected with the serum, 24 
died, a mortality of 14*78 per cent; among 72 patients not 
so treated, 46 died, a death-rate of 63 7 2 per cent. They 
find that the serum reduces the pain in the bubo, and limits 
the inflammation ; suppuration is often aborted by its 
early use. 

Cairns, ** as the result of experience of the remedy in 
cases at Glasgow, concludes that : — 

1. Yersin's serum is a remedy of the greatest value. 

1 Ann. de VInst. Pasteur, 1897, p. 81. 3 Ibid, 1899, p. 865. 

2 Ibid, 1899, p. 251. * I.oTicet,\,^^'i/\., X,^'^';. 
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2. Its action is bactericidal — as shown by the degenera- 
tion induced in the bacilli — as well as antitoxic. 

■ 3. Good results are best seciTred by the early adminis- 
tration of large doses, subcutaneously, into the area 
from which lymph drains towards the bubo, and also 
intravenously. 

4. In mild cases the subcutaneous method alone is 
sufficient, but in severe attacks combined subcutaneous 
and intravenous administration is advisable. The total 
combined dose in the latter condition should be 150 to 
300 cc, the proportion given intravenously varying with 
the severity of the attack. 

Dose and Administration of the Serum.— From 

what has just been said it may be seen that large doses of 
the serum are to be employed, if the amount is available. 
Yersin appears to give doses of 20-90 cc. according to the 
date at which the case comes under treatment. He 
administers the remedy subcutaneously. Cairns uses still 
larger amounts (150 to 300 cc), and gives the serum both 
subcutaneously and intravenously ; and the advantages of 
employing large doses are also insisted upon by Duprat.^ 
Brownlee ^ insists on the intravenous use of the serum, and 
advises doses of 60 cc. ; Ligni^res ^ gives the same advice. 
There is no reason to fear the use of the larger amounts. 
The only ill effects recorded have been pains in the joints 
and erythema, noted by Calmette and Salimbeni, analogous 
to those met with after diphtherial and other antitoxines. 

Denys and Tartakovsky "^ insist on the importance of 
local injections of the serum into the neighbourhood of the 
buboes. Thus, in cases of inguinal buboes, the remedy 
should be injected into the leg. They found that if guinea- 
pigs were inoculated intraperitoneally with plague-bacilli* 
01 cc. of serum injected into the peritoneal cavity would 

^ Atm. de VImt. Fasteur, Sept. 25, 1903. 
'^ Lancet, Aug. 17, 1901. 
3 Ann. de I'hist. Paateur, 1901, p. 808. 
* Semaine Med., 1900, p. 40. 
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act as a protective dose ; whereas 10 cc. administered 
subcutaneously were of no avail in saving the lives of the 

animals. 

Prophylactic Use of the Serum.— Yersin records 

that in Nhatrang no cases of plague occurred among those 
who had received prophylactic injections of the serum. 
Calmette and Salimbeni also used the serum as a protective, 
giving doses of 5 cc. injected under the skin of the abdomen. 
According to these observers, the protection only lasts 
Hfteen days, so that it fs advisable to repeat the injections 
at the end of this time. Calmette recommends the injection 
of some of the serum along with the use of Haffkine's 
prophylactic, in order to counteract the first depressing 
effects of the latter. This suggestion seems worthy of 
serious consideration, when the prophylactic is used in 
the actual presence of an epidemic. 

LUSTIG'S SERUM. 

Antitoxic Serum. — Yersin's serum appears to be 
bactericidal in nature, though it may possess some antitoxic 
power. Lustig considers that a curative serum for plague 
should be mainly antitoxic, and he therefore proceeds to 
obtain such a preparation by immunising horses with the 
vaccine-material already described (p. 168), which consists 
of a poisonous bacterio-proteid. The immunising process 
lasts two or three weeks. 

Lustig and Galleotti ^ record that among 475 cases of 
plague treated with the serum the recovery-rate was 39 36 
per cent., whereas among 5,952 patients not so treated the 
recoveries were only 20*6 per cent. Choksy - puts the rate 
of recovery after use of the serum at 38*2 per cent., while 
in other patients not so treated it was only 19*5 per cent. 
In another series of cases, 480 patients were treated with 
the serum," and the same number without it. Eliminating 
various sources of error, he found that the recoveries among 
the serum-cases amounted to 39*62 per cent., whereas 

1 £rit, Med. Journ., Jan. 16, 1901. ^ Lancet, \^Q^,\\.,'I^\. ^ 
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among the non-injected cases they were only 20 21 per 
cent. The following table shows the results obtained in 
India with this remedy (Choksy) : — 

Table showing Results of Treatment of Plague with Lustig's 

Serum. Bombay, 1898—1902.1 ' 
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Mayr^ gives an account of 361 cases treated with the 
serum, among whom the recoveiy-rate was 33*8 per cent.; 
while among cases treated by other methods only 21*3 per 
cent, survived. He says that the general recovery-rate in 
hospitals where the serum was used was 4-5 per cent, 
higher than in those where it was not employed. He 
considers that the curative properties of the serum are 
definitely established. 

1 Choksy, *' The Treatment of Plague with Professor Lu8tig*8 
Serum," Bombay, 1903, p. 110. 

2 Zaneetf 1900, ii., p. 461. 
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A mere study of the above records does not produce a 
very favourable impression of the value of the remedy. 
The results obtained do not seem so striking as those seen 
with Yersin's preparation. More experience is, however, 
needed to enable us to form a judgment. The opinions of 
those who have used Lustig's serum, as quoted above, 
appear to be favourable. 

AGGLUTINATION OF BACILLUS PESTIS. 

Plague-bacilli, like those of enteric fever and many 
others, are agglutinated by the serum of patients who have 
just suffered from the disease, or of animals which have 
been inoculated with the bacilli or their products. There is 
some difficulty in performing the test owing to the normal 
occurrence of the bacilli on nutrient media in closely- 
adherent masses. Klein ^ advises that they should be 
grown on gelatine, on which a drier and less sticky culture 
is formed, and that they should then be suspended in salt- 
solution. If it be found that the bacilli are still present in 
clumps and not distributed singly, it is better to make a 
thick emulsion of them, and to filter it through a double 
thickness of filter-paper. The microscopic method of ex- 
amination must be applied, as the naked-eye or " sediment- 
ation test " is unreliable. Emulsions of tbe bacilli in broth 
are also to be avoided for this test, as they tend to sponta- 
neous agglutination without the aid of immune serum. 
Klein recommends a dilution of 1 : 20 for use, and a 
time-limit of half-an-hour. He finds that the blood of 
immunised animals, though strongly agglutinative, is not 
bactericidal. 

In human patients the agglutinative power of the blood 
does not develop until late in the disease, often not till 
convalescence is established. The test is therefore useless 
clinically. It may, however, be valuable as a proof that a 
specimen of bacillus under examination is B. pestis. 

^ 31«^ Annual Report of the L. G.B., 1901-2. Supplement con- 
taining the Eeport of the Medical Officer. Appendix. B, KoA,^.*^^'^^. 
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CONX'LUSIONS. 

1. Haffkine^a prophylactic is a valuable means of pro- 
tection against plague. There is some doubt as to whether its 
use in the presence of an epidemic is advisable, owing to the 
possibility of an increased susceptibility being at first pro- 
duced. The employment of some of Yersin's serum along 
with the vaccine seems to offer a means of counteracting 
this depressing effect, if it really exist. 

2. Sufficient evidence is not yet available to enable us 
to decide as to the efficacy of Lustig^s or of Terni and 
Bandies vaccines. 

3. Yersins serum is of value as a remedy for the 
di>ease. It should be given early in the case and in large 
quantities. Some of the serum should be injected intra- 
venously, the rest subcutaneously into the area of skin 
which is drained by the lymphatics leading to the bubo. 
The dose may be from fiO to 150 or even 300cc. 

4. The claims of Lustiy^s serum as a remedy are less 
well established than those of Yersin's serum, but some 
evidence has been adduced in its favour. 

5. Yersin's serum may also be used prophyJacticaUy 
(dose 5 to lOcc), but the protection gained is transitory, so 
that repeated injections are necessary in presence of an 
epidemic of plague. 

G. The agglutination-redction occurs with B. pestis, but 
it is of no use for purposes of clinical diagnosis, as it occurs 
too late in the disease. 
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CHAPTER XI. 

ENTERIC FEVER. 

Causal Orgfanism. — -The Bacillus typhosus was dis 
covered by Eberth in 1881, and is consequently often called 
Eberth's bacillus. It is a short, thick bacillus, provided with 
a large number (8-1 i2) of flagella. It is vigorously motile 
in young cultures on suitable media, but in older gi'owths it 
loses some of its power of movement, and often tends to 
form chains of two* or three organisms united end to end. 
It grows readily on all ordinary laboratory culture- 
media, but the appearances of the growths are not very 
characteristic. It is decolorised by Gram's method. It 
does not liquefy gelatine, does not coagulate milk, does not 
give rise to gas-formation in solid media, and does not form 
indol. In the three last particulars it differs from a closely- 
allied bacillus, the Bacillus coli communis. The latter is 
also more feebly motile, and possesses a smaller number of 
flagella (6-8). 

Tlie Bacillus typhosus is capable of existing outside the 
body of a living host for considerable periods of time. The 
recent experience of an outbreak of enteric fever, due to the 
use of infected blankets which had been used by troops 
suffering from enteric fever in South Africa and had been 
sold without disinfection, appears to prove that the organisms 
may remain alive and virulent for at least six months. 
Epidemics of the disease are most commonly due to infected 
drinking-water. It seems probable that infection may also 
be conveyed by dust, and in the South African war flies 
were largely blamed iis carriers of the disease. Oysters 
contaminated with sewage have also caused outbreaks of the 
disease. 



17(; SERUMS, VACCINES, AND TOXIXES. 

The lower animals do not suffer spontaneously from 
(Miteric^ f(?v(»r ; but they may be artificially infect€<l, and 
succumb to the toxines of the organism. 

Occurrence in the Body. — The bacilli are found in 
^HMitest numlwrs in the alimentary canal, but they also exist 
in (h(^ bhxKl of tint infected individual, in the spleen, and in 
the lyujphatic glands of the abdomen. They may usually be 
found in the " ro8e-sj)ots ** on the skin, which form the typical 
nish of i\\v malady. They are excreted in considerable 
(juaiititicH in the urine, as well as in the faeces, and appear 
ill the H])utum of cases complicated by lesions of the lungs 
or larynx. It aj)peai's, therefore, that the disease cannot be 
(tonsidenMl to be a local infection only, but is of the nature 
of a s(^j)(iciemia or general infection. (Wright.) 

Oomplications. — As in other infective diseases, the 
complications met with in the course of enteric fever, or 
during convalescence from it, are largely due to secondary 
invasion ])y other organisms, which effect a lodgment in 
tissues worn out by conflict with a primary illness. The 
hectic temperature met with in the fourth week in severe 
(Wises of enteric fever is probably due to the action of 
pyogenic; bacteria ; while to these, or, in some instances, to 
tln^ Bacillus coli, are to be ascribed most of the suppurative 
lesions (periostitis, perichondritis, otitis, epididymitis, <fec.) 
which are seen in the later weeks. Venous thrombosis, so 
oft(;n met with in convalescence, is also to be attributed to 
pyogcMiic bacteria. In some cases, however, typhoid bacilli 
ar(i found in local suppurative lesions, though it cannot be 
rc^garded as contain whether they are the primary cause, or 
only find a favourable soil in lesions caused by other 
bact(iria. Possibly the B. typhosus, when its virulence is 
somewhat reduced, becomes a pyogenic organism, as 
Donzello^ maintains. The cystitis which sometimes occurs, 
though it is rarely met with apart from catheterisation, may 
bo due to the bacilli contained in the urine. 

* Zo Sperimentale, 1901, Iv., p. 670. 
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Toxines of B. Typhosus^ — Cultures of typhoul-bacilli 
do not as a rule contain any considerable quantity of free 
toxic matter, but the bodies of dead bacteria are themselves 
poisonous. Hence the toxines of the B. typhosus are 
generally spoken of as " intracellular " (see p. 9). Chante- 
messe, however, claims to have succeeded in growing the 
bacilli in a sjiecial medium, containing spleen -pulp and 
bone-marrow, and from this to have obtained a toxine of 
considerable potency, which he has used for the preparation 
of an antitoxine. 

The effects of the poison as seen in disease are primarily 
a destruction of lymphoid tissue in the Peyer's patches of 
the intestine, which slough away, leaving ulcerated suifaces. 
The number of leucocytes present in the blood falls consider- 
ably. This may be due to a destruction of these cells, similar 
to that of the closely-allied lymphoid tissue. Welsh^ speaks 
of the poison as "lymphocy to toxic." The poison has a 
profound effect on the nervous system, drowsiness and 
delirium being early features, and the so-called " typhoid 
state " being common in severe attacks ; while the heart and 
voluntary muscles are found degenerated in fatal cases. 

ANTITOXIC SERUM. 

Chantemesse's Serum. — By means of the toxines 
prepared as above mentioned, Chantemesse^ has produced 
a serum for the cure of enteric fever. It is prepared by 
inoculation of horses with the toxine in the usual manner. 
The process of inoculation is a long and tedious one, as 
very small doses must be employed at first ; otherwise the 
horses may be killed by the toxine. Chantemesse speaks 
of losing several in the course of his investigations. The 
immunisation of the animals was begun in 1896, whereas 
the experiments with the serum on patients suffering from 
enteric fever were apparently carried out in 1900 (?). It 
may be concluded that at least two years were consumed 

^ Huxley Lecture, Lancet, 1902, i?., 977. 
2 La Presse Med., 1901. No. 93, p. '1^5, 
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in the preparation of the remedy. The results of this 
method of treatment, as recorded by its author, are very 
encouraging. It is difficult to ascertain the average mor- 
tality of the disease, as it varies much in severity in different 
years, the reasons for this variability not being known. In 
Paris in the years 1899 and 1901 the death-rate was 185 
per cent. In 1901, from January to October, it was 29 per 
cent, among 371 patients treated in nine hospitals. Chante- 
messe treated 100 patients by his method, with six deaths. 
All those who were treated before the tenth day recovered. 
Of those treated later three cases died of perforation of the 
intestine; one (injected on the twenty-first day of the 
illness) of pneumonia ; one of hyperpyrexia (injected on 
the twenty-fifth day) ; and one of a sacral bedsore, acquired 
before admission to hospital. Two subsequent cases, which 
were injected on admission to hospital in a moribund 
ccmdition, are not included in the statistics. 

Chantemesse gives charts of some of the cases treated 
by the serum, showing that the injections are followed by 
a rapid fall of temperature and improvement in the pulse. 
The earlier the serum is administered, the more marked is 
the effect. If the remedy be given before the eighth day 
in cases of ordinary severity, the disease may be cut short 
within a period of a few days. Sometimes the first improve- 
ment is not maintained, and the temperature rises again 
on a later day ; in such instances a second injection should 
])e given, and may be followed by rapid recovery. The 
accompanying charts, modified from those given in Chante- 
messe's article, show the results obtained in some of his 
cases (Charts 1 and 2). 

Besides the effects on the pulse and temperature, the 
serum has a beneficial influence on the excretion of urine, 
which increases in quantity as the pulse and temperature 
fall. Albuminuria is not caused by the serum itself — a 
point in which it appears to differ from diphtherial anti- 
toxine, which is accused of causing the appearance of 
albumen — indeed, in cases in which there is already 
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albuminuria, this may decrease as the result of sevum- 
treatuient. A. Lyper-leucocyto»is is produced in the blood, 
in opposition to the leucopenia (defective number of leuco- 
cytes) which is characteristic of enterica. The leucocytoaia 
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is exactly similar to that which is normally seen in conva- 
lescents from enteric fever. The myelocytes which are pre- 
sent during the disease disappear, while the other varieties 
(lymphocytes, eosinophile cells, and raultinuclear leucocytes) 
increase to their normal amount : they may even be in 
excess at first. 

Complications are rare in cases treated with aetvi^, 
bat are not entirely absent. Ch8JiteTcieB&e> tvq\a& V(v 



180 SERUMS. VACCINES, AND TOXINES. 

his series one case of perforation and one of pnei 

botli fatal ; anil otliem of otitis media, htemorrhagc, and 
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phlebitis, all of which recovered. Probably the serum has 
no direct influence on the occurrence of complications ; 
these are due to other organisms, which are unaffected by 
it ; but if it control and cut short the typhoid infection, it 
must indirectly diminish the risk of secondary lesions. 

The serum is injected under the skin of the forearm in 
the neighbourhood of the usual point for bleeding. The 
skin and the syringe are carefully sterilised, and the veins 
of the part must not be wounded. The ordinary dose of 
serum is 10 or 12 cc. A. second dose may be given at the 
end of eight or ten days, if the temperature has risen 
again, or if there is any other indication ; the second dose 
may be smaller than the first — 4 or 5 cc. There are two 
indications for giving a smaller dose than the above-men- 
tioned as a first injection, viz. (1) when the patient comes 
under treatment in quite the early days of the disease 
(fifth or sixth) ; and (2) when the disease has already 
lasted for a considerable time, and the general intoxication 
is profound. In these cases 5 to 8 cc. are sufficient. 

The injections are followed by a reaction, shown by a 
rise of temperature, which quickly falls again. Chante- 
messe attributes this reaction to the great destruction of 
the bacilli which is induced by the serum, and the conse- 
quent absorption of a large dose of their toxines. He con- 
siders his serum to be bactericidal as well as antitoxic. It 
is difficult to accept this explanation in view of the nature 
of the serum, which, from its manner of preparation, should 
be purely antitoxic, and not bactericidal. An additional 
argument against this assumption may be derived from the 
fact that the injection of this serum does not increase the 
agglutinative power of the blood. ^ 

Along with the serum, other treatment should not be 
omitted, especially reduction of temperature by baths, and 
the supply of plenty of liquid nourishment to the patient. 
It may be necessary to stop milk-feeding for a time after 

^ Josias and Tollemer, Congress of Madrid, 1903. La Fresse 
Med.y Juno 24, 1903, p. 468. 
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the injection, as milk often appears to be ill-digested ; 
it may be resumed again as the tempei*ature falls. 

No bad effects are produced by the serum, with the 
exception of slight erythema, which only appeared in two 
out of Chantemesse's one hundred cases. 

Besides Chantemesse himself, Boutleux^ treated 15 
cases with the serum ; all of these recovered. Josias ' reports 
50 cases in children in which he used the remedy. Among 
them there were two deaths, a mortality of 4 per cent. 
Simultaneously, in other children's hospitals in Paris the 
mortality was 14*2 per cent. He confirms the benefit de- 
rived from e^rly administration of the serum, and states 
that though relapses occurred in four cases, they were mild 
in type. The doses given amounted to 1 cc. for each 30 
kilogrammes of body-weight. In a certain proportion of 
cases in young children pain in the bowels was complained 
of, some days after the injections ; and this was at times so 
severe as to create a suspicion of peritonitis. No ill effects, 
however, actually ensued. Josias gives further statistics of 
cases treated by Chantemesse, amounting to 507 in all, 
among which the mortality remained at 6 per cent., as in 
the first 100 cases. Osteitis and periostitis occurring during 
convalescence from enteric fever are said to be benefited by 
the serum. 

Before we can pronounce a definite verdict on the value 
of this serum it will be necessary to wait until a larger 
number of physicians have used it in the treatment of 
enteric fever and recorded their results. At present 
adequate confirmatory experiences are wanting. Chante- 
messe's results, however, are very encouraging, although 100 
cases (or even 500) is far too small a material on which to 
base an opinion, since the disease is so variable in its 
severity at different times and different places. 

^ Quoted by Chantemesse, loc, cit. 

- International Medical Coni^ress of Madrid. See Med. Press and 
Circular, July 29, 1903, p. 109. Ann. de Med. et Chir. In/ant lies, 
1903, No. 11, p. 367. 
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Other Serums. — W. V. Shaw i obtained toxic raaterial 
by " digesting " B. typhosus in normal blood-serum. He in- 
jected this into a horse and obtained a serum which had 
some protective power, while the injections were at first 
followed by a fall in the bactericidal property of the horse's 
serum — "negative phase." From this it would appear that 
the serum is antibacterial rather than antitoxic, and hence 
comparable with that mentioned in the following section 
rather than with Chantemesse's preparation. 

MacFEwiyen and Rowland have produced a serum by ino- 
culating horses with the substance obtained by triturating the 
bacilli ; this, if dissolved in salt-solution, is highly toxic to 
laboratory animals. The serum obtained from the inoculated 
horse is said to be both antitoxic and bactericidal. No 
records of the trial of this serum on human patients are 
available. 

BACTERICIDAL SERUM. 

Antityphoid Seram.^ — Theserumof convalescents from 
enteric fever is bactericidal and not antitoxic in its action ; 
and most of the serums on the market, which are professedly 
*' antityphoid,'' are of similar nature. They are prepared 
by immunising a horse with the actual bacilli of enteric fever. 
Chantemesse ^ alludes to experiments made by Widal and 
himself in order to produce a serum of this nature, but he 
speaks of the results obtained as unsatisfactory. In 1898 
Bokenham ^ prepared an antityphoid serum by inoculating 
a horse with filtered cultures of the bacilli and then with the 
dead bodies of the organisms themselves ; he found that the 
serum acted as a protective to rabbits. 

Walker 5 describes the method adopted by Krumbein, 
who uses first filtered cultures, then bacteria killed by car- 
bolic acid. The bacilli are grown for fourteen days in broth, 

1 Lancet, Oct. 3, 1903, p. 948. 

2 An antityphoid serum is maniifacture«l by Messrs. Burroughs, 
Wellcome & Co. " for trial." 

3 Loc. eit. •* Trans: Path. Soc. Lond., 1898, p. 373. 
^ Journ, of Vathol. and Bacieriol ^ 1901, p. 251. 
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to which ^ per cent of phenol is then added. The cultures 
are injected subcutaneously, and considerable constitutional 
disturbance may be produced. Abscesses may also form at 
the seat of injection. After a point had been reached at 
which 1 50 cc. were given for a dose, the serum of the horse 
was drawn off and used. In subsequent experiments the 
living bacilli were injected during the later periods of the 
immunising process. 

It appears that the B. typhosus is modified to some extent 
by its surroundings, and that different strains of bacteria 
thus produced, taken from different cases, may act variably 
towards a particular serum. In other words, a serum is 
found to have a more marked effect on the strain of bacilli 
from which it was prepared. It is, therefore, advisable to make 
use of several varieties in the immunisation of the horse. 
The serum of the horse becomes highly agglutinative towards 
the bacilli as the result of the treatment. Walker considers 
that the agglutinative power increases practically jniri passu 
with the protective property, but that the two are not directly 
proi)ortional to one another. He finds that the serum pre- 
pared as alx)ve is antitoxic as well as antibacterial He 
also makes the suggestion that the horse should be immun- 
ised against the B. coli communis as well as against the 
B. typhosus, or that some " anti-coli " serum should be added 
to the antit^-phoid serum for therapeutic use. 

Experience at the present day is not very favourable to 
the use of an antibacterial serum in the treatment of enteric 
fever. The present writer has seen the ordinary serum 
which is on the market tried in several cases of the disease, 
but in none of them was it possible to be sure of any definite 
benefit accruing to the patient. Relapse was not prevented 
by the use of the serum. Walker concludes that " most 
antityphoid sera which have been prepared have given no 
marked assistance in the treatment of the disease in man." 
Reiisons for this have been already suggested. In the first 
place, it is not definitely proved that the disease is a septi- 
caemia, in which condition an antibacterial serum might be 
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supposed to be the most useful. It may be that the l)acilli 
are for the most part localised in the alimentary canal, and 
that the toxines are absorbed, as in cholera, without any 
considerable escape of the organisms into the general circu- 
lation. If so, it may be difficult for the antibacterial serum 
to reach them ; and attention should be turned to the pre- 
paration rather of an antitoxic serum than of one that is 
germicidal. In the second place, it may be that the copula or 
immune body present in horse-serum is not capable of unit- 
ing with the alexine or complement found in human blood, 
in which case no bacteriolysis would be produced. It has 
further to be remembered that enteric fever is characterised 
by a gradual onset, so that it is seldom recognised until it 
has lasted five or six days at least. Hence the first re- 
quisite in the administration of any kind of serum — early 
injection — is generally impossible, and it is unreasonable to 
expect as good results to occur as can be obtained in diph- 
theria. It is possible that by the time the serum is used 
there may be a deficiency of alexine in the patient's blood, 
and that bacteriolysis may not occur, even if the copula 
supplied be suitable. 

ANTITYPHOID EXTRACT OF JEZ. 

Jezi starts with the assumption that the serum ob- 
tained from immunised animals is bactericidal, and not anti- 
toxic, and that such a serum is of no value for the treat- 
ment of enteric fever. Some other method of conferring 
immunity must be tried. Now, Wassermann found that 
the spleen, bone-marrow, and lymphatic glands of an 
immunised animal had protective properties ; and Jez has 
made use of this discovery to prepare a substance which 
he considers to be curative of enteric fever. He makes his 
antityphoid extract by rubbing up in a mortar the brain, 
spinal cord, spleen, marrow, &c., of immunised rabbits, 
and adding to the pulp thus obtained saline solution, to 
make an emulsion, along with a small amount of alcohol and 

1 JFein. med. IVoch., Feb. 18, 1899, ^). 346. 



im SERUMS, VACCINES, AND T0XINE8. 

of carbolic acid. The fluid is filtered after it has stood for 
a time, to ensure solution of the protective bodies. In 
later exi>eriments Jez added also a certain proportion of 
pej)sine, presumably in order to facilitate solution. 

The filtered fluid is antitoxic, but not agglutinative or 
bactericjlytic. As a remedy for enteric fever, it is given by 
the mouth ; but if for any reason this is impossible, it 
can be administered subcutaneously. A tablespoonful 
constitutes a dose, which may be given every two hours or 
more frecjuently. Considerable quantities are needed for 
each case, reaching a pint or more. 

Jez finds that, as the result of treatment with his ex- 
tract, the temperature falls, the pulse improves, and the 
general condition of the patient is ameliorated. Diarrhoea 
is usually checked. Sometimes sweating is produced by the 
action of the remedy. Jez records the trial of the extract 
in eighteen cases, all of which recovered. 

These results are confirmed by Kluk-Kluczycki,i who 
finds that the fever-reducing effect is manifested within 
twenty -four hours ; the duration of pyrexia is considerably 
reduced, an apyrexial condition being ofteri reached within 
three weeks. The pulse falls rapidly from, say, 100 to 76, 
and loses its dicrotic character. He concludes that the 
(jxtract is a specific remedy for enteric fever; that it is 
harmless ; and that it neutralises the toxines and shortens 
the disease. It acts so regularly that it constitutes a 
diagnostic agent, since its efiects are not manifested in other 
conditions than enterica. The cost per patient works out 
at forty to fifty marks (shillings). Eichhorst 2 has also tried 
the extract in a small number of cases (twelve), and is 
favourably impressed with the results produced_; and a 
similar verdict is pronounced by du Mesnil de Rochemont ^ 
and by Einhorn,* who observed a reduction of fever and 

J irein. klin. Jf'och., 1901, Xo. 4, p. 84. 

- Therap. Monatsh., 1900, p. 115. 

3 I'hcrap. Monatsh , Jan., 1904, p. 13 (7 cases). 

•* Med, Record, Jan. 16, 1904, p. 81 (3 oases). 
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some mental improvement. On the other liand, Pometta^ 
found Jez's preparation quite useless. 

The use of Jez's extract does not seem to have become 
at all general, so that there is not sufficient information 
available upon the subject to enable us to form a satis- 
factory judgment as to its efficacy. The idea underlying it 
is not to be neglected, as Wasserraann's experiments, con- 
firmed by Jez, seem to point to the existence of a protec- 
tive principle in the organs of immunised animals. This 
does not, however, necessarily involve its value as a cure 
for the disease. 

TYPHOIN. 

Petrushky 2 has made experiments with a prepara. 
tion which ho calls typhoin, consisting of dead bacilli. 
He reports good results in cases of uncomplicated 
enteric fever, if the remedy is given early in the course of 
the illness. It is not suitable for patients in whom the 
disease is advanced and in whom there is already a tendency 
to heart-failure or general intoxication. Small, grtadually- 
increasing doses are given, and the first injections are accom- 
panied by some antityphoid serum, to prevent ill effects. 

It is difficult to believe that this method of treatment will 
prove advantageous. It is practically a treatment by 
toxines, analogous to the tuberculin-treatment of phthisis ; 
but the diseases are not the same in nature, enteric fever 
being an acute malady, whereas tuberculosis is a very 
chronic one. Even in the latter the toxine-treatment has 
not yet won its way to general acceptance. Until further 
experience of the working of Petrushky's preparation is 
obtainable, its curative action must be held not only un- 
proved, but improbable. 

ANTITYPHOID INOCULATION. 

Wright's Vaccine. — Experiments were made by Pfeitfer 
and KoUe^ in 1896 as to the effect of inoculating patients 

1 Wein. med. JFoeh.j 1901. No. 40. 

2 Deut, med. Woch., 1902, p.212 . ^ jr^^j^;, ^^ci, TrocK., V^'^'^^ 
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• 

with cultures of typhoid-bacilli ; but although it was shown 
that the blood of those so treated had a protective 
influence on guinea-pigs, no practical use seems to have 
been made of the method. It is to Wright that the prac- 
tical introduction of vaccination as a means of prophylaxis 
against enteric fever is entirely due. 

The vaccine used by Wright ^ consists of cultures of B. 
typhosus in broth, grown for four weeks, and then sterilised 
by heating for ten to fifteen minutes at 60*^ C. A small 
amount of carbolic acid or lysol is subsequently added to 
ensure sterility and the preservation of the vaccine. A 
large number of separate cultures are mixed together, so as 
to obtain a fluid of the standard strength. The virulence 
of the material can be roughly gauged by its opacity to 
light, for the measurement of which Wright has devised 
an ingenious arrangement. Special flasks also are used for 
the preparation of the cultures, in order to facilitate the 
subsequent mixing. 

The dose used for an injection on man is the minimal 
lethal dose for a guinea-pig weighing 100 grammes, or 
rather the proportional fraction of the dose which proves 
fatal to one of the ordinary weight (250 to 300 gr.). 
A virulent culture will contain the requisite quantity in 
0*5 cc, but with weaker vaccine it is necessary to give 
sometimes as much as 1 5 cc. Wright also used a vaccine 
consisting of agar-cultures of the bacilli, grown for twenty- 
four houi*s, and sterilised at 60'' C. : these are less toxic 
than the broth-cultures. 

The injections are followed by redness and pain at the 
site of inoculation, with some lymphangitis and enlargement 
of neighbouring glands. There may be nausea and even 
vomiting, and there is considerable feeling of illness, with 
some rise of temperature. Occasionally a condition 
approaching collapse is observed. These symptoms pass 
off rapidly without leaving any permanent ill effects, but 
they are severe enough to act as a very real deterrent. 

^ Lancet, 1001, i., p. 160. 
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Wright^ now advises the einployiuent of a weaker 
vaccine, given in two divided doses, as causing less con- 
stitutional disturbances, while it affords equal or greater 
protection. 

The immediate result of the vaccination is to produce a 
lowering of the resistance offered by the individual to in- 
fection by enteric bacilli. If large doses of tlie vaccine are 
given, this fall in immunity may be very marked, and may 
last for some weeks. If small doses are given, the fall in 
resistance is very slight and transitory. For these reasons 
it is advisable to make use of small doses, repeated if 
necessary, rather than one large dose. It is also im- 
portant not to vaccinate in the j)resence of an epidemic, as 
such a procedure would tend to make the subject more 
liable to contract the infection. 

Almost all the statistics as to the efficacy of Wright's 
vaccination are derived from observations on different units 
of the British Army, in South Africa during the recent war 
and in India. On the following page are some of the 
figures given by Wright himself. 

Cayley ^ also gives favourable figures with regard to 
the use of inoculation in the members of the Scottish 
National Red Cross Hospital. Among fifty-seven in- 
oculated persons in the 1st Section no attacks occurred ; 
among eighty-two of the 2nd Section, the greater number 
were inoculated with old vaccine, and five orderlies developed 
enteric fever ; one nurse refused inoculation, and she also 
sufl'ered. Among the 3rd Section (20) all were inoculated, 
and no cases of the disease occurred. Cayley considers that 
cases which do occur in inoculated persons are milder and 
run a shorter course than in the uninoculated. 

Birt^ quotes his experience in an epidemic at Har- 
rismith. Among 947 un vaccinated patients the mortality 
was 14*25 per cent., while of 263 who had been inoculated, 

1 Practitioner, March, 1904, p. 361. 

2 Brit. Med. Journ., Feb. 9, 1901. 
8 Ibid,, Jan. 11, 1902. 
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the death-rate was only 6*8 per cent. These figures point 
to the disease being of a milder character in those who have 
been vaccinated. 

It must be remembered that one attack of enteric fever 
does not protect against a second, as was at one time 
supposed. Experience in South Africa has definitely proved 
that second attacks are not by any means rare. Hence 
vaccination cannot be expected to produce absolute im- 
munity. But second attacks seem, as a rule, to be com- 
paratively mild in degree, and it is probable that a similar 
degree of protection may be looked for in the inoculated. On 
the whole, so far as the evidence at present available enables 
us to draw a conclusion, it would seem that persons going 
into parts of the world where enteric fever is very prevalent 
would do well to be inoculated. There is some reason to 
think that the protection afforded is less marked in those 
who are past the age of thirty ^ ; but it is also probable that 
individuals become progressively less susceptible as they 
advance in life ; hence the above advice applies chiefly or 
entirely to those below this age. The temporary incon- 
venience caused by the injections cannot be held to con- 
stitute a sufficient disadvantage to counterbalance the 
protection gained. Those who are actually in the midst 
of an epidemic of enteric fever should not be inoculated, 
owing to the increased liability to contract the disease which 
at first ensues as a result of the treatment. 

AGGLUTINATION-REACTION. 

" WidaFs Test." — This reaction was first suggested as a 
practical test for the diagnosis of enteric fever by Widal in 
1896, although experiments in this direction had previously 
been made by Griinbaum ; the latter were not published till 
after Widal's communication. The "test" may therefore 
fairly be called "Widal's," although he was not the dis- 
coverer of the phenomenon (see p. 58). A very large 
amount of experience is now available as to the occurrence 

^ Crombie, Lancet, Aug. 16, 1902. 
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of the " reaction " in cases of enteric fever. It was at first 
thought that the mere occurrence of agglutination, produced 
by addition of serum to a rigorous culture of typhoid-bacilli, 
was sufficient to prove that the person from whom the serum 
was derived was, or had been, suffering from enteric fever. 
It was, however, soon discovered that the serum of normal 
individuals may produce this effect, if it be added in suffi- 
cient strength. A dilution of the serum to one part in ten 
was next adopted as the standard, but this again was found 
unsafe. Then a 1 : 20 standard was substituted. For 
practical purposes this dilution is of considerable value, but 
it is now recognised that no absolute diagnosis can be made 
as to the existence of enteric fever on a positive reaction 
occurring with a less dilution than 1 : 30, or even, ac- 
cording to some authorities, 1 : 50. With the stronger 
mixtures a time-limit of half-an-hour is customary ; with 
the weaker some observers prolong the time of observation 
to two hours. Libman^ states that a positive reaction may 
sometimes occur in high dilutions (1 : 50) when it is not 
present in more concentrated mixtures (1 : 20) ; he there- 
fore recommends the use of two dilutions for each test. 

Mode of Performing the Test.— The blood of the 

patient may be obtained from either the finger-tip or the 
lobe of the ear. The latter is, perhaps, the better of the 
two, as it is rather less sensitive, and the blood flows quite 
as freely, if not more so. The skin should be cleaned up 
first with lysol or some similar antiseptic, and then with 
sterilised water : this precaution is not, however, absolutely 
necessary. The lobule of the ear is then firmly grasped 
with the fingers of the left hand, and a deep puncture is 
quickly made with a sharp surgical needle, or with a special 
instrument made for the purpose. A common needle will 
serve, if no other is available. The blood is collected in 
capillary tubes, or in a glass bulb drawn out at either end 
into a fine point ; the ends being sealed in a flame after the 

1 Med. News, Jan. 30, 1904, p. 204. 
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blood is collected. In the tube coagulation takes place, and 
the serum which exudes from the clot is ready for use. 

Several different ways of effecting the necessary dilu- 
tion of the serum are employed. It is best to use, at all 
events for the greater dilutions, a graduated pipette, which 
saves time and trouble. Sterile broth is used for the 
purpose, or some neutral fluid such as normal saline 
solution. The culture must be a recent and vigorous one, 
in which the baciUi are moving freely about. In older 
cultures an agglutinating substance is formed by the bacilli 
and diffuses out into the liquid : in such specimens the 
bacilli are found to have become clumped without the 
£uldition of any extraneous material, and are therefore unfit 
for use. The addition of a few drops of an old culture to a 
young and vigorously-moving emulsion will produce agglu- 
tination. It is well to observe the condition of the culture 
before using it, in order to see what (if any) degree of 
clumping is already present (see also p. 58). 

When the dilution has been made, a drop of the mixed 
fluid is placed on a cover glass, and a hanging drop prepara- 
tion is m£ule and observed under the microscope. The cover- 
glass should be ringed round with vaseline or some similar 
substance, to prevent evaporation. A high power is not 
necessary ; indeed, it may even be a source of fallacy to 
beginners by leading them to mistake the small clumps 
which are present in almost all cultures for the larger 
masses which form as the result of the true agglutination. 
If a true agglutination of the bacilli takes place, it will be 
seen that almost all of them have run together into masses, 
while any that remain free have lost their mobility and remain 
stationary in the field of the microscope. 

The test may also be done macroscopically, by mixing 
the serum and culture in a test-tube or watch-glass. A 
visible precipitate falls, if the reaction is positive. According 
to Berliner and Cohn ^ a star-like figure is seen in a watch- 
glass in half-an-hour at room-temperature. 

^ Muneh»tned. JFoeh., Sej^t. 11, 1900. 
K 
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McWeeney^ has devised a special method of performing 
the test, bj growing the bacilli in hanging drops, one with 
the serum to be tested, the other with normal serum. If 
the reaction is positive, the bacilli in this drop will be seen to 
form chains and to be non-motile, whereas in the negative 
experiment they are separate and freely motile. The serum 
is added in the proportion of 1 per cent., and the slides are 
kept at 37" C. 

Hewlett and Rowland 2 are the authors of a means of 
performing an exactly-graduated quantitative test. The 
serum is received into capillary tubes, of which the thickness 
of the walls and the diameter of the lumen are measured under 
the microscope, while the length of tube which is filled by 
the serum is easily ascertained. In this way the exact 
volume of serum is calculated, and subsequent dilution is 
effected by measured proportional amounts of broth. 

Ficker^ has devised a method of performing the test 
with dead bacilli, specially prepared and suspended in an 
indifferent fluid, the nature of which has not been published. 
For use the serum to be examined is diluted (1 : 10) with 
saline solution, and mixed with the slightly turbid test- 
fluid. If the reaction is positive the mixture becomes 
clear, a slight precipitate falling to the bottom. Ten to 
fourteen hours are allowed for the reaction to take place. 
The value of this ("Ficker's diagnostic") as a test is 
confirmed by Meyer '^ and by Ehrsam.^ If further 
experience prove favourable, the discovery should afford a 
useful means of applying the test, as the dangers inseparable 
from living organisms, and the trouble of preparing fresh 
cultures, will be avoided. The preparation is said to keep 
well for at least nine months.^ 

Sources of Error.— (1) Apart from the possibility of 

^ Dublin Journ. of Med, Sciencey Sept., 1898. 

2 Brit. Med, /owm. , April 28, 1900. 

« Berlin, klin, Woch, 1903, p. 1,021. 

* Ibid., 1'904, p. 166. 

6 Munch, med. Woeh., 1904, p. 662. 

® Ficker*8 diagnostic may be obtained from Merck, of Darmstadt. 
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error just alluded to, owing to a spurious appearance of 
agglutination, it must be borne in mind that a certain 
number of normal individuals, who have never suffered from 
enteric fever, possess a serum with some clumping power 
over typhoid bacilli, while not all patients suffering from 
the fever present the reaction. Thus Lobiesen^ found that 
out of 350 cases which were clinically enteric fever, 328 
reacted positively to the Widal test with a dilution of 1 : 50 ; 
17 agglutinated in dilution of 1 : 10 or 1 : 25 ; two cases 
reacted only at 1 : 5 ; and two failed to react at all. The 
great majority of the patients (289) gave a positive reaction 
within the first two days after admission. Of 151 patients 
suffering from diseases other than enteric fever, in whom 
there was yet a suspicion that the malady might be of 
this nature, four reacted positively in dilution of 1 : 25, two 
at 1 : 10, and 123 were negative at this dilution. Of the 
first four, three were proved by necropsy to be suffering 
respectively from acute tuberculosis, retroperitoneal abscess, 
and calculous pyelitis with tubercular meningitis. Of 61 
healthy persons who had not had enteric fever, one reacted 
positively in dilution of 1 : 25, and eight at 1 : 10. Lobiesen 
believes that a positive reaction in a dilution of 1 : 50 is 
pathognomonic of enteric fever; but the absence of the 
agglutination does not exclude the existence of the disease. 
Blanchi ^ found three cases among 167 patients with enteric 
fever, which did not react to the test. The diagnosis was 
confirmed by necropsy. 

RoUeston ^ in South Africa found that the test was posi- 
tive in only 64*5 per cent, of his cases, and thinks that the 
low percentage may be accounted for by some difference in the 
strain of bacilli used for the test-cultures, as compared with 
the organisms which had infected the patients. Kohler^ 
found that among 100 patients suffering from diseases other 

1 Zeit. /. klin. Med., Bd. xliii., Hft. 1 & 2. 

2 Giornale Medico del Itegio Exercito, 1901, No. 6. 
8 BHt, Med. Journ., Oct. 12, 1901. 

* Munch, med. Woch., Aug. 13, 1903, p, l,Vi<^. 
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than enterica, 1 2 gave a reaction in dilutions of 1 : 20. 
Among these 1 2, one agglutinated at 1 : 50, two at 1 : 40, , 
and three at 1 : 30. Hence it appears that even an agglu- 
tination-reaction in a dilution of 1 : 50 is not a definite 
proof of the existence of enteric fever. - 

(2) Again, it has been frequently noticed, and the 
present writer has had several opportunities of observing, 
that in some severe and fatal cases of enteric fever, in 
which the diagnosis is subsequently confirmed by post- 
mortem examination, no agglutinative power is found 
throughout the illness. The absence of agglutination is 
parallel to the absence of resistance exhibited by the patients 
towards the infective agent. 

(3) The clumping power of the serum is not developed 
at the beginning of the attack. The exact period at which 
it may be looked for is not certain, but many observations 
have shown that during the first week or even ten days an 
absence of agglutinative power is rather the rule than the 
exception. 

(4) Certain other infective and general diseases are 
apparently capable of producing substances in the serum 
which will agglutinate typhoid bacilli. Infection with B. 
coli communis seems to produce this effect in some cases. ^ 
Allusion has already been made to the experiments of 
Posselt and Sagasser,^ who found increased clumping power 
towards B. typhosus in cases of dysentery. The effect of 
jaundice in causing agglutination was first pointed out by 
Grunbaum,3 and it has been confirmed by other observers. 
The reaction does not seem to be manifested in all cases of 
jaundice, but it may occur with sufficient frequency to 
cause us to regard the test as unreliable when this condition 
is present. Bile itself does not appear to agglutinate the 
bacilli in all cases, but in certain individuals and conditions 

1 Cf. Lubowaki and Steinberg, B^t. Arch, /. klin, Med., 1904, 
p. 396 (proteufl-infection, ataphylococci, etc.). 

2 See p. 28. 

3 Miinch. med. JToch., 1897, No. 13. 
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of health it may produce the reaction, i The exact body 
which is active in this way is not known ; its effect is 
analogous to the action of formalin and other chemical 
substances. 

(5) All strains of B. typhosus are not agglutinated with 
equal facility. It is therefore necessary to make use of a 
culture in which the bacilli have been proved to possess 
this faculty. Klein finds that culture of the bacilli on 
gelatine produces greater agglutinative properties, and 
advises the use of such cultures emulsified with salt 
solution. 

(6) Kraus^ finds that the effect of pneumonia is to 
inhibit the agglutinative power. This may be demonstrated 
by adding the serum of a pneumonic patient to that of one 
suffering from enteric fever. The coexistence of pneumonia 
with enteric fever would, therefore, theoretically prevent 
the appearance of Widal's reaction, and the test would be 
useless as a means of differentiating the two diseases. These 
observations, however, need further confirmation. Kissel 
and Mann,^ on the other hand, found that two cases of 
croupous pneumonia gave the reaction, though they were 
not suffering from enteric fever. 

Value of the Test. — On the whole it may be said 
that the reaction is not infallible, but has a margin of error 
of perhaps 5 per cent. Abbott ^ studied 4,154 cases, and 
found the error only 2*8 per cent. Eyre ^ holds that, with 
a time-limit of 30 minutes, a positive reaction in a dilution 
of 1 : 20 implies either tha existence of enteric fever or a 
past attack within two years ; a reaction in a dilution of 1 : 30 
implies either existing disease or a very recent attack ; and 

^ The typhoid bacillus sometimes invades the bile-passages, 
producing cholecystitis, etc. ; it is possible that this fact may afford 
an explanation of the agglutinative power of the bile in some cases. 

2 See Kohler, op, cit. 

3 2eit. /. HHlk.y Bd. xxi.,. Hft. 6. 

* Munch, med. Woch., May 2, 1899. 
« Philadelphia Med. Jour,, Feb. 25, 1899. 
^ Personsd communication. 
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a reaction in a dilution of 1 : 200 is positive proof of 
present typhoid infection. 

The test is said to be of special value in the case of 
chiLlren. Grershel,^ among eighty-four cases of enteric 
fever in infants, found the reaction positive in eighty-one, 
while it was negative in 1 15 patients who were suffering 
from other diseases. Other writers also agree with this 
estimate of the use of the test in children.^ 

It is generally stated that the agglutination-reaction 
is of no use as a means of prognosis. This is probably true 
as far as the rapidity and completeness of the clumping are 
concerned ; but there is reason to think that a case which, 
clinically, is almost certainly a severe attack of enteric 
fever, but which gives no reaction, is likely to end fatally, 
as the absence of agglutinative power in such instances 
seems to be associated with an absence of resistance. 

ANTISTREPTOCOCCIC SERUM. 

Many of the complications of enteric fever are due to 
secondary invasion by pyogenic and other organisms. In 
this belief Clarke^ has tried the effect of antistreptococcic 
serum in purulent periostitis occurring in enterica. He 
states that the use of this remedy was followed by a critical 
fall of temperature and a rapid disappearance of the sup- 
puration. 

CONCLUSIONS. 

1. The bactericidal serum on the market, called anti- 
typhoid, is generally unsatisfactory in its effects on cases of 
enteric fever — indeed, it is doubtful whether it can be said 
to have any influence at all on the course of the disease. 

2. Good results are reported with Chantemesse*s anti- 
toxic serum, but there is not yet a sufficient material on 
which to form a judgment as to its value. 

» Med. Record, Nov. 26, 1901. 

2 Josias and Tollemer, Med. Fress and Circular y Aug. 26, 1903, 
p. 217. 

« Lancet, Jan. 28, 1899, p. 230. 
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3. The same eriticisni applies to Jez's antityphoid extract. 

4. Wright's antityphoid inoculation confers some 
measure of protection. It is not a certain means of pre- 
venting an attack of enteric fever, but it reduces the 
liability to this occurrence; while if the disease does occur 
in a " vaccinated " person, it is generally milder than in 
one not so protected. It seems advisable for young persons 
going to countries where enteric fever is rife to undergo 
prophylactic inoculation. There is no danger in the pro- 
cedure, but the immediate effects are unpleasant. 

5. The Widal test (agglutination) for enteric fever is a 
useful means of clinical diagnosis. It is not infallible, but 
the margin of error is small — perhaps 5 per cent. An 
agglutination in a dilution of not less than 1 : 30 should 
be obtained before the result is called positive. 
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CHAPTER XII. 

CHOLERA. 

Causal Organism. — The organism which is respon- 
sible for the production of cholera is a curved, rod-shaped 
bacterium, which was discovered by Koch, and is called 
the Vibrio cMermy or Spirillum cJiolerce. It is often 
known as the "comma-bacillus,*' owing to a fancied re- 
seni])lance to a comma ; but as there is no enlargement at 
the end similar to that seen in a printed comma, the simile 
is not very close. ^ If two organisms become united end to 
end, they may form a figure like that of a letter S. In 
length the vibrios are not unlike tubercle-bacilli, but they 
are somewhat plumper. They are each provided with a 
single terminal flagellum and are motile. They stain readily 
with aniline dyes, especially fuchsine, and grow readily 
on ordinary laboratory media, either in air or anaerobically. 
They do not form spores. 

Toxines. — it has not been possible to prepare any 
potent solutions of the toxines of the organisms in artificial 
media : the toxines are therefore classed as "intracellular.'' 
Ransom,^ however, obtained from cultures a solid 
substance which induced the formation of an antitoxine 
when injected into goats. Metschnikoff and his assistants 
also succeeded in obtaining a feebly-toxic fluid by growing 
the vibrios in pep tone- water. These preparations can, 
however, only faintly reproduce the toxines which are 
formed in cases of the disease, of whicli the virulence is 
such that in acute cases death may occur within twenty- 
Che German '^iiiTerted comma** is shaped like the organism. 
"kMt. nied. WocK^ 1895. 
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four hours. The bodies of the vibrios contain within them 
a, substance which produces necrosis of tissue when they 
are injected Bubcutaneously. In the disease, cholera, a 
poison seems to be formed which leads to depression of the 
body-temperature . 

Saaceptibility of the Lower Animals.— None of 
the lower animals contract cbolera spontaneously. It is, 
however, possible to produce infection by special me-ana. 
Thus, guinea-pigs do not develop the dineaMe if they receive 
doaes of V. cholerra by the mouth ; but if the gastric 
juice is artificially neutralised by adminietration of a solu- 
tion of carbonate of soda, and if at the same time the 
peristalsis of the intestine is reduced or abolished by intra- 
peritoneal injection of tincture of opium, then infection 
and death of the animal ensue. By intravenous injection 
of the organisms a disease resembling cholera may bo pro- 
duced in rabbits. 

Allusion has already been made to Ffeifier's experiments 
(p. 23) on the destruction of chotera-yibrios in the peri- 
toneal cavity of immune animals. It ie found, however, 
that if a large dose of the bacteria is inject«d into an 
" immune " guinea-pig, the animal dies in spit« of the 
destruction of the organisms ; in other words, although 
the bacteria are broken up and killed Vty the serum, this 
has no power of neutralising their intracellular toxines, 
which are upt free antl kill (he guinea-pig. 

Agglutination and Diagnosis. — The vibrios of 

cholera are agglutinated by means of the serum of con- 
valescents from the disease, and by that of animals artiticially 
immunised. The reliction is of no use for the diagnosis of 
cholera, as it does not occur till lato in the disease ; it may, 
however, be employed for the identitication of a particular 
vibrio, as that of cholera Asiatica, since there ai-e several 
organisms which l>elong to the same group and closely 
resemble one another. A more certain t«3t is aH'orded by 
Pfeitfer's experiment : the organisms which are to lie 
ited are iiMected uito theMinto^^^^M^^^^^. 
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guinea-pig along with a sufficient quantity of a serum 
known to be bactericidal towards the Y. cholerse, and their 
fate is investigated. A serum of the above nature may be 
readily produced by injecting a rabbit subcutaneously with 
laboratory cultures of the cholera-organisms, and may be 
preserved by means of 0*5 per cent, carbolic-acid solution. 
The method of testing the bactericidal power of the serum 
against cultures of cholera-germs has been mentioned in 
the introductory chapters (see p. 47). 

'* Immune " serum is capable of dissolving V. cholerse in 
a test-tube, when it is fresh, but it rapidly loses this power ; 
this, however, may be regained by the addition of a little 
fresh normal serum of the same species of animal. In other 
words, the alexine or complement tends to disappear, whereas 
the copula or immune body remains stable. 

These experiments on animals are of considerable 
importance from the point of view of human therapeutics. 
They show that there can be little hope of treating the 
disease, when already developed, by means of a bactericidal 
serum ; for if the bodies of the bacteria are so toxic in 
themselves, such a serum, by leading to rapid breaking-up of 
those vibrios which were already present, could but produce 
speedier intoxication. The hope of preparing an antitoxic 
serum is at present slight, as attempts to produce a potent 
toxine in artificial media have failed, and it is only by 
means of a toxine of high potency that an effectual antitoxic 
serum can be obtained. Hence it is in the direction of 
prophylaxis — of inducing a condition of active immunity 
which shall destroy those bacteria which first gain access to 
the body before they have increased in numbers up to a 
dangerous degree — that the best hope of combating the 
disease seems to lie. 

VACCINATION AGAINST CHOLERA. 

Experimental vaccination against cholera was first carried 
out by Ferran, who employed broth-cultures of the Vibrio 
cholerse derived from the stools of patients. Cultures thus 
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obtained cannot have been pure. No definite statistics are 
available as to the amount of success which Ferran obtained 
by his inoculations. 

Haffkine's Oholera-Vaccine. — The method in use 

at the present time for anti-cholera vaccination is that of 
Haff kine. This method involves the use of two vaccines, a 
weaker and a stronger, the former being administered first 
in order to avoid the destructive effect of the virulent 
organisms on the tissues at the point of injection. The 
weak vaccine is obtained by growing the bacteria on agar 
at a temperature of 39° C. in a current of air. The stronger 
vaccine is prepared by passing the vibrios through a series 
of guinea-pigs till a virus is obtained which is invariably 
fatal to these animals within eight hours. The method 
adopted is as follows : — A guinea-pig is inoculated intra- 
peritoneally with a laboratory-culture of the organisms, 
which usually causes death within 24 hours. The peritoneal 
exudation is collected from the dead guinea-pig, and is 
incubated for 10 hours at 35^ C, the optimum temperature 
for the organisms. (This is done in order to give the 
bacteria time to multiply, as they are only found in com- 
paratively small numbers in the first peritoneal fluid.) 
After incubation the fluid from the first guinea-pig is 
injected into the peritoneum of a second, and so on through 
a series of animals, till the " vines fixe " is obtained. This 
is cultivated for 24 hours on agar-tubes, the whole surface 
of a sloped-agar tube being inoculated. When growth has 
occurred, the whole culture is washed off with sterile broth, 
and the quantity made up to 8 cc. One cubic centimetre 
(one-eighth part) of this constitutes a dose of the vaccine. 
The virulent cultures soon become attenuated by growth on 
laboratory media, and must be again raised in virulence by 
passage through animals. 

The injection is given hypodermically in the flank, and 
an interval of five days should separate the two vaccinations. 
The procedure is followed by redness, swelling, and pain in 
the side, and by a febrile reaction. The de^e^ oi Y^Q.\fc^\}v<5rcL 
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afforded is said to be proportional to the severity of the 
symptoms. The immunity conferred by each injection is 
attained in five days; hence the selection of this interval 
of time between the injections. Before employing the vaccines 
generally, Haffkine made trial of them on himself and 
others : no ill effects were prodnoed. He has now given 
70,000 injections in 42,179 individuals without accident. 
Results of VaCCinatiOIL — Haffkine Ogives the follow- 
ing figures relating to his experiences at Calcutta and 
Lucknow : — 



Population. 



Non-Inoculated 1 735 
Inoculated ... 500 




Total. 

174 

21 



rercentage. 

10-63 

4-20 



Deaths. 



Totel. 
113 
19 



Percentage. 
651 
3-80 



Powell 2 also reports favourably on the results obtained 
with this prophylactic, and gives the following statistics : — 



PoruLATiox. 


CA8E8. 


Deaths. 


Non-inoculated 6,549 
Inoculated ... 5,778 


Total. 

198 

27 


Percentage. 
3 02 
048 


Total. 
124 
14 


Percentage. 
1-89 
0-24 


Fatality. 
63% 

50% 



Out of 275 uninoculated coolies on steamers plying 
between Goalundo and Dilrugarh, 8*36 per cent, contracted 
cholera, and ten died; while of 414 who had been 
inoculated, only 1*2 per cent, contracted the disease, and 
none died of it.^ 

It appears from these figures that the use of Haffkine's 

i Brit, Med. Journ.^ 1895, i., 219. 

2 Journ. of Tropical Medicine^ 1899, No. 2. 

3 Ann. Rep, of Sanitary Commissioner with the Government of India ^ 
1901, p. 88. 
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prophylactic inoculations confers a certain measure of 
immunity to cholera. Larger statistical material is necessary 
to enable us to gauge with accuracy the exact amount of 
protection which it affords. There is reason to believe that 
this, like other methods of vaccination with pathogenic 
bacteria, may produce an initial fall in the resistance of the 
individual to the disease ; and therefore it may be questioned 
whether it would be wise to undergo inoculation in the 
presence of an epidemic. Complete immunity — so far as it 
is ever complete —is gained at the end of ten days, in which 
time two vaccinations have been carried out. Those who 
are about to visit an infected area, but who can allow this 
period of time to elapse before they are actually brought 
face to face with the epidemic, would be wise to undergo 
vaccination. It is possible that a certain measure of pro 
tection may be gained by the end of the fifth day, as a 
result of the first inoculation ; but this is probably slight. 
It is noteworthy that the prophylactic diminishes the 
liability of the inoculated person to cholera, rather than the 
fatality of the disease when it occurs in those who have 
been vaccinated. 

Marx points out that an element of doubt exists in the 
statistics of cholera-vaccination, in that it is the better- 
informed upper classes who submit to inoculation, while the 
poorer portion of the population, owing to ignorance and 
superstition, refuse to avail themselves of the protection 
offered. It is among the latter that the incidence of the 
disease may be expected to be greatest and the mortality 
highest, so that the apparent protection afforded to the 
vaccinated may really be due to their better circumstances 
in other respects. 

Kolle^ considers that the necrosing power of the virulent 
bacilli may be neglected in practice, and that no ill effects 
may be expected from an injection of virulent organisms 
without preparatory inoculation with attenuated cultures. 

^ Zeitschr, /. Hygiene^ 1894, Bd. xvi. and xviii. Centralh, f, 
BaeterioL, Bd. xix., 1896. 
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He therefore advises only one vaccination with the virulent 
organisms, thus producing more rapid immunisation. 
Powell records that Haffkine now uses more virulent 
cultures for his first vaccination, and that no suppuration 
or other accident has been noted as a result of this 
procedure. 

Strong^ has recently devised a mode of vaccination 
against cholera by means of the body-substance of the 
spirilla, which he calls " cholera receptors." The vaccine is 
obtained by " autolytic digestion " of the organisms, i.e. by 
incubating an emulsion of them in sterile water, in which 
they break up spontaneously. The following are the 
directions given by the writer : — 

** The surface of flat-sided flasks filled with cholera agar (sic) are 
sprayed with 20-hour bouillon cultures, and the flasks then put aside in 
the incubator at 37^ C. for 20 hours ; the growth is then emulsified with 
sterile water removed from the surface of the agar, and the emulsion 
placed in a sterile flask and kept at a temperature of 60^ 0. for 24 
hours. The mixture is then put aside in the incubator for from 2 to 
5 days. The best results were obtained apparently after 5 days 
autolytic digestion. After such digestion the emulsion is filtered 
through a Reichel filter. The fiuid thus obtained must, of course, be 
examined for sterility and carefully standardized before being used as 
a human vaccine." 

No trial of the method on man has apparently been 
made. Strong considers that the disagreeable effects 
inseparable from the use of Haflfkine's vaccine render it 
unsuitable for general use. 

PASSIVE IMMUNITY TO CHOLERA. 

The protection conferred by HaflPkine's prophylactic 
is of the nature of active immunity, the blood of the 
patient gaining bactericidal power, and thus destroying those 
organisms which first enter the body and tend to cause 
infection. It has already been mentioned that the prospects 
of obtaining a bactericidal or antitoxic serum as a cure for 

^ American Medicine^ Aug. 15, 1903, p. 272. 
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the disease are not hopeful. Popoff^ vaccinated a cow 
with comma-bacilli, and found that the milk contained a 
protective substance which conferred some degree of im- 
munity on guinea-pigs. This substance was destroyed by 
boiling the milk. 

CONCLUSION. 

Haffkine's .prophylactic inoculation confers a certain 
measure of protection against cholera, and should be employed 
by those who are called upon to reside in districts in which 
they will be exposed to infection. It should probably not 
be performed in the actual presence of an epidemic, owing 
to the increased susceptibility induced during the first few 
days after the injection. 

1 Vraich, 1893, No. 10. 
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CHAPTER XIU. 

AFFKCTIOXS DUE TO STREPTOCOCCI (IXCLUDIXG 

DIPLOCOCCI). 

Seplic/f.ffiia, Rheuinatigm^ Chorea^ Pneumoma^ SearlaiinOy 

GonorrAoea. 

Nature of the Organisms. — Streptococci are small 
roarui fiacteria occurring in chains. The best-known 
organism of this species is the Streptococcus pyogenes^ which 
is the cause of some forms of suppuration, especially those 
of a spreading nature. Another well-known affection 
awKXTiateii with the presence of streptococci is erysipelas. 
Much controversy has centred round the question as to 
tfio identity or diversity of the organisms which cause 
thes^j two diseases, but it seems to be now definitely 
entablishfxl that the same parasite is responsible for both 
affc^ctions, streptococci from a case of general septictemia 
}>eing capable of giving rise not only to suppuration, but 
also U) a superficial spreading redness of the skin indis. 
tinguwhable from erysipelas. 

Htreptococci have been described in many other con- 
ditioiiH, and a recent writer^ has enumerated eighteen 
difrc;r(int (?) species. An attempt was at one time made to 
diffenjiitiato them into "short" and "long" varieties, viz, 
ihoHii which formed chains consisting of a large number of 
H(5parato cocci, and those which occurred in smaller groups ; 
but ill is classification is untenable, as the same coccus may 
form short or long chains according to the circumstances of 
its cnviroinnont. Within the body of an infected animal 

Jlirachhorgf American Medicine^ 1903, May 30, p. 877. 
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these organisms generally occur in pairs, or as separate 
units, only showing chain-formation in artificial media. 
Tlius, the pneumococcus (Diplococcus pneumonia^) may take 
the form of chains of cocci when grown outside the body. 
There appears to be no essential difference with regard to 
chain-formation between streptococci and diplococci. 

Many observers now hold that all the various strepto- 
cocci found in different pathological conditions are in reality 
the same organism, modified in some of its characteristics 
by circumstances. A strong upholder of this view is 
Marmorek,^ who has examined organisms derived from 
erysipelas, puerperal fever, scarlatina, pustules and boils, 
and sore throats, and finds that all of them produce the 
same poison, and that all are antagonised by an antitoxic 
serum prepared fxrom cultures of any one of them. Aron- 
son^ is of the same opinion; he finds that a horse 
immunised against one variety is resistant to all. 

On the other hand Meyer, -^ using the method of agglu- 
tination, believes that there are two different species: (1) 
the pyogenic organism, met with in erysipelas, suppuration, 
&c. ; and (2) a streptococcus met with in cases of angina 
(sore-throat). 

At present the question of the unity or diversity of the 
streptococci cannot be answered with certainty. It seems 
difficult to believe that the pneumococcus, which has, besides 
other peculiarities, the property of forming a capsule, is not 
a separate species of organism. Other diseases in which 
chain- cocci have been met with are rheumatism, chorea, 
scarlatina, and gonoiThoea (diplococcus). It will be con- 
venient to consider the questions of serum-treatment con- 
nected with these organisms under the following heads : — 
(1) Septicaemia and Erysipelas; (2) Rheumatism; (3) 
Scarlet Fever ; (4) Pneumonia ; (5) Gonorrhoea. 

^ Annates de VInst, Pasteur ^ March, 1902, et passim, 
2 Deutseh. med, JFoch., 1903, June 18, p. 439. 
' Ibid., 1902, No. 42. For experiments on agglutination of 
streptococci, see also Zelenski, Wien, klin. Woch.^ 1904,-^. ^^^. 

O 
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SEl>TIC.EMIA AND ERYSIPELAS. 

Streptococcus Pyogenes. — This organism was first 
describetl by Rosenbach in 1884. It is found in cases of 
spreading cellulitis and pyaemia, in some instances of 
malignant endocarditis, in puerperal sepsis, in erysipelas, in 
the pyogenic aflfections complicating acute infectious diseases 
(small-iwx, enteric fever, <fec.), in some membranous sore- 
throats, in a variety of intestinal lesions, and in the 
cutaneous affections known as ecthyma and impetigo con- 
tagiosa (not invariably 1). The organisms may occur in 
chains of four or five cocci, or in long strings of forty or 
fifty. They are stained by aniline dyes, and are not 
decolorised by Gram's method. They can be grown 
artificially on laboratory media, but soon lose their vini- 
lence and rapidly die out. They regain their pathogenicity 
by being passed through a susceptible animal. Marmorek^ 
has prepared a special medium for their growth, consisting 
of ordinary broth, peptonised meat, leucine, and glycocol. 
He has also grown them in a mixture of broth and human 
serum, and in broth mixed with serous fluid from the 
pleura or peritoneum. By cultivating them in this way 
and alternately passing them through rabbits he has 
succeeded in producing bacteria of such virulence that 
0000,000,000,01cc. of the culture will inevitably kill a 
rabbit. This quantity is calculated to contain on an 
average one single streptococcus. 

If any pathogenic streptococcus is grown in a fluid 
medium until growth ceases, no other strain of these 
organisms will subsequently flourish in the same fluid 
without addition of further nutrient material. This test is 
used by Marmorek to prove the identity of all the strepto- 
cocci. 

ToxineS. — Marmorek finds that all streptococci, what- 
ever their origin, manufacture the same toxine. It is of 
the nature of a diastase, and its activity is destroyed at a 

» Annalea de VImt. Pasteur, Vol. ix.. No. 71 ; also 1902, p. 169. 
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temperature of 70° C. In addition to the diastatic ferment, 
streptococci give lise to a poisonous substance which has 
haeraolytic powers; this has been called " strep tocoly sin/' 
and is said to possess a toxophore and a haptophore group. ^ 
It is destroyed at a temperature of 70" C. Its presence 
accounts for the petechial eruptions, and perhaps for the 
jaundice, so often met with in septic conditions. A rabbit 
killed by infection with streptococci shows at the point 
of inoculation a hsemorrhagic oedema, and blood-stained 
exudation in the pericardium and peritoneum. 

ANTISTREPTOCOCCIC SERUM. 

Marmorek's Serum. — This is prepared by inoculating 
horses with the virulent organisms obtained in the way just 
recorded. Living cultures are more efficacious in the forma- 
tion of a potent serum than are dead bodies. Very small 
doses are used for the first injections, which are gradually 
raised as the animal becomes more immune : the final dose 
may reach 600cc. of a virulent culture. The process extends 
over a year. Each injection must be sufficient to produce 
a distinct reaction ; and the blood of the horse is withdrawn 
four weeks after the last injection. Marmorek finds that 
it is impossible to produce an effective serum by means of 
the toxines of the cocci alone ; apparently these, as obtained 
in artificial media, are not strong enough. He considers 
that his serum has a weak antitoxic power ; it is chiefly 
bactericidal. Raw,2 on the other hand, maintains that the 
Paris serum is mainly antitoxic. 

Value of Antistreptococcic Serum.^ — Marmorek's 

serum is that best known and most readily obtained in the 
market ; it is to it, therefore, that most of the recorded 

^ Ruediger, Journ, of the Amer, Med. Assoc, Oct. 17, 1903. 

2 Lancet, 1898, July 9. 

3 Marmorek's serum (Pasteur Institute) may be obtained from 
Messrs. Burrougrbs, Wellcome & Co. (liquid, per phial, 3s. 4d ; dry, 
48.). This firm also manufactures a polyvalent serum (lOcc, 2s. 6d.). 
The Lister Institute of Preventive.Medicine also supplies a polY^*«kl<s.^x\. 
serum (30cc., 78. 6d.) ; as do Messrs. Parke, Da\\s & ^o. V>^<i^»^ VI-^, 
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oases may he taken to refer, and it is under this heading that 
a consideration of the advantages and defects of this kind 
of serum may hest be set forth. 

In the tirst place, it must be remembered that cases of 
infection with pyogenic organisms differ from one another 
in severity almost more than do attacks of any other kind 
of disease. It is, therefore, practically impossible to form 
any estimate of the mortality of such cases from statistics, 
and equally impracticable to apply the statistical method 
to recorded cases of cure or failure. In cases which appear 
hopeless, i-ecovery may take place in a most marvellous 
manner without the use of any specific remedy. If such a 
" cure " is effected in a case treated with serum, there is 
naturally a tendency to ascribe the good result to the 
serum. On the other hand, there are many instances in 
which the infection is so intense and so rapid in its onset 
that it would l>e hopeless to expect any antibacterial serum 
to prove efficacious. Only a very large collection of cases 
would thus serve as a basis for a statistical calculation, and 
the nature of the disease makes it specially difficult to 
procure such, as most instances of invasion by pyogenic 
organisms may be described as " accidental " ; that is to 
say, they are sporadic in occurrence and due to inoculation 
of cocci in wounds, <kc., while the state of health of the 
individual attacked appears to play a greater part in the 
process than in most other diseases. We are thus deprived 
of the aid afforded by the epidemic occurrence of a disea.se, 
in which large numbers of cases are met with, under very 
similar circumstances, often treated in special hospitals, and 
readily adapted for collection and tabulation. Finally, 
many of the series of cases reported are of a very hetero- 
geneous nature, embracing, for example, puerperal fever, 
erysipelas, and cellulitis, the writer applying the results 
obtained in all of these together to establish the value of 
the serum in a general way. It will be best briefly to 
consider the opinions that have been expressed as to serum- 
treatment in each of these conditions separately. 
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Puerperal Fever, — A special committee was appointed 
by the American Gynaecological Society to consider the 
value of antistreptococcic serum in puerperal sepsis. The 
committee reported^ that they had collected records of 352 
cases treated with serum, among which the mortality was 
20*74 per cent., whereas among all cases of the disease not 
so treated the total death-rate worked out at 5 per cent. 
It would seem on the face of this report that the committee 
must have concluded that the use of the serum had in- 
creased the mortality of puerperal fever by about 15 per 
cent. — a fair instance of proving too much, since no one can 
reasonably maintain that deleterious effects are often due to 
the serum, and this the conmiittee themselves admitted; 
the most that can be said against it is that it is ineffectual. 
Hence the only conclusion that can be fairly drawn from 
the above figures is that the statistical method is untrust- 
worthy in this instance. The report of the committee is 
valuable as affording a very complete bibliography of cases 
recorded up to the time of its appearance. 

Savor 2 records his results in sixteen cases : in six no 
good effects were seen, in five the value of the remedy was 
doubtful, while in five good results were obtained. 

Blumberg ^ tried the serum in twelve cases, all of which 
were severe, and in ten of which a bacteriological examina- 
tion was made of the lochia : — 



Two cases showed anaerobic diplococci; no good effects from 
serum. 

Four cases showed mixed infection, some streptococci ; two died 
one improved after injection. 

Two cases showed sterile lochia ; both recovered, a fall of tempera- 
ture occurring after injection. 

Two cases showed pure streptococcal infection ; both recovered. 

Three cases (lochia not examined) ; two showed fall of temperature 
after injection (one already convalescent). 

1 Aitieriean Journ. of Obstetrics^ 1899, xl. 

2 Quoted by Blumberg (see below). 

3 Berl klin. TFoeh., 1901, No. 6, p. 132. 
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Bluml>erg is favourably impressed as to the value of the 
serum. Peham^ also records good results in cases of pure 
streptococcic infection ; in mixed infections and cases due 
to other organisms no good results can be expected. 
Many isolated cases of benefit attributed to the remedy 
in puerperal sepsis are recorded, but on the whole the 
n^sults seem to have been disappointing. We can only 
oonchule that further observation is needed to establish its 
triu* jM>sition, but that it is advisable to give the serum a 
trial in castas in which streptococci are found. 

£rt/sift*'lns. — Marmorek states that he treated 423 
cast's of erysipelas with his serum with good results, the 
mortality l»eing 3 87 per cent. Denys 2 reports good effects 
from kx^al injivtions of the serum into the neighbourhood of 
tho atlVvtinl area. He gives four injections of 0*25cc. around 
the lesion. 

Cfffunds (iHti St'pticifmia, — Thomas ^ records a series 
of fifteen cases of sepsis successfully treated with the 
st^runi : he administers doses of 30cc. Good results are 
rejx>rted by ^larmorek and others. The present writer had 
a jHMNonal experience of the use of serum in his own case, 
when he was suffering from spreading cellulitis due to a 
poisontnl jwst- mortem wound. The subjective effect was 
certainly good, the feeling of illness and mental disturbance 
lessening concomitantly with its use. The temperature also 
ft^U gradually, but it is impossible to be sure whether this 
was attributable to the serum or to the surgical measures 
a(lo])ttMl. Tn this case the serum was administered in doses 
of lOiv. every four hours for several days.* No ill effects 
wen* noticeable, but for some time after the injections there 
was very intense itching at the sites of injection, and faint 

» ir/>M. Uin. Woeh., 1904, p. 405. 

« Snmitif MM.y 1901, p. 40. 

^ •fottt^n, of American Med. Asxoc,^ Feb. 18, 1899. 

* \ tuko this oppurtuiiity of thankinfy both Mr. P. L. Daniel, in 
whoNo ritro I wuh during my illness, and Mr. N. Maclaron, then House 
Suvf):<H>n to the Metropolitan Hospital, upon whom the burden of 
much of tho uotuHl treatment, including injection of serum at all hours 
of tho night, actually fell. 



ANTISTREPTOCOCCIC SEEUM. 21B 



lines of pigmentation marked the tracks maile by tlie 
needle. 



DATE. MAY, 


13 14 


15 Id 


17 


fi 19 J 


Si 2 


2 23 24 


K 


DAVOFDIS. 


















104" 
103=' 

101" 
100' 


I 1 




m;e m 


E. i*;e m 




E M;E.H E 




.05 
1 

1 


- i 

fi 




i 




1 = 












1 


i \l 11 


ji 


; 


i 




\i 


- 








j 




























: 








i jA 




^-1- 


i /> 






u 


\ , i 


^IJ.... 


£ 












\l 


i^l 




^\ 




l' 


i 2| 

















Ulcerative Endocarditis. — Some good results have 
been obtained in this disease by the use of the serum. 
Thus, two caaes are recorded by Mitchell Bruce ^ in 
which apparent cure resulted. In one of these a certain 
brand of serum was found inefiectual, only a temporary fall 
of the fever being observed ; but on using a serum prepared 
by a different maker, permanent improvement was efifected. 
Thia case, which came under the notice of the present 
writer (see cliart 3), is instructive as illustrating one reason 
for the want of success which has often been experienced 
with this serum. Such failure may be due, apparently, to 
' Lancel, Aug. 20, 1898, p. 615. 
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the existence of various strains of the cocci : each strain gives 
rise to a serum which is effectual against that particular 
variety, but which does not equally lead to the destruction of 
other strains of streptococci derived from different sources 
(see also below, Staphylococci). Ogle^ also speaks favour- 
ably of the use of the serum in malignant endocarditis, and 
Dyce Duckworth ^ records a case in which rectal adminis- 
tration of the serum apparently effected a cure. Ward -^ 
collected a total of twenty-five cases, of which eight were 
cured and three temporarily improved. 

Pernicious Aiuemia, — Hunter,* relying on his discovery 
of streptococci in cases of pernicious ansemia, treated 
some patients suffering from this disease with antistrepto- 
coccic serum. He considered that good results were pro- 
duced. In one case of this disease, which was admitted to 
Charing Cross Hospital, the use of the serum was followed 
by collapse and death, which appeared to be due to the 
injection, and may have been analogous to the few recorded 
instances of death occurring after diphtherial antitoxine. 
It was, however, impossible to be certain that the remedy 
was actually accountable for the death of the patient, as 
pernicious anaemia is a disease which causes profound de- 
generation of the cardiac muscle, and it is difficult to be 
certain of the exact degree of this myocardial disease in an 
individual case. Sudden death may occur from asystole at 
any time. The rapid onset of delirium and coma after the 
injection was, however, remarkable. 

Gangreiious Stomatitis — Caball ^ reports a case of this 
affection successfully treated with the serum. Diphtherial 
antitoxine may be useful in cases of noma due to B. 
diphtherise. 

The use of antistreptococcic serum in small-pox and in 
phthisis is alluded to elsewhere (see pages 146 and 279). 

1 Lancet, March U, 1903. 

2 British Med. Journ., May 23, 1903. 

3 Albany Med. Annuls, Oct., 1903, p. 515. 
* Lancet, Feb. 10, 1900, p. 374. 

5 Philadelphia Med, Journ., Feb. 17, 1900. 
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Local Collections of Pus. — In cases in which actual col- 
lections of pus have formed, the use of the serum can do 
no good, as far as the local lesion is concerned. Surgical 
measures for the evacuation of the pus must be adopted. 
Subsequently the serum may perhaps prevent the formation 
of other foci of suppuration or the death of the patient from 
septicaemia. Menzer considers that, if pus be present, the 
serum may even do mischief, as it may cause a breaking-up 
of a large number of the leucocytes, and so produce an 
intoxication of the whole system by absorption of poisonous 
products. 

Ill Effects of the Serum. — Horse's serum being the 
basis of antistreptococcic serum, the same by-effects may 
occur after its employment as after diphtherial antitoxine, 
viz, erythematous and urticarial eruptions and pains in the 
joints. Allusion has just been made to one fatal case that 
was apparently due to the serum. 

General Considerations and Summary.— It is im- 
possible to resist the conclusion that on the whole the use 
of antistreptococcic serum has been disappointing. This 
may be due to many causes. In the first place, the exist- 
ence of several strains of the cocci, which react diiferently 
to a given serum, introduces a constant source of failure, 
especially if only one brand of serum is available for use. 
In cases which are sufficiently chronic to admit of the trial 
of a second brand in the event of primary failure, this course 
should be adopted, and may prove successful. 

In the second place, all antibacterial serums appear to 
keep badly, quickly losing their bacteriolytic power. Hence 
only freshly-prepared serum should be employed. Many of 
the serums on the market have at one time or another been 
found to be inert. Some of the disappointments recorded 
may have been due to neglect to secure a freshly-prepared 
serum. . 

Again, many cases of sepsis are not due to strepto- 
cocci alone, but are complicated by the presence of other 
germs. Although the antistreptococcic serum ixi^^ V^^ s!ikX«$i 
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to counteract the former organisms, yet the others may 
have gained so firm a footing as to prove fatal to the patient. 

Finally, there can \ye little doubt that, until lately, 
recourse was seldom had to serum-treatment till the disease 
was too far advanced. Owing to the difficulty of procuring 
the serum and the expense involved, the remedy was only 
administered as a last resource. We have seen that in the 
case of all serums the most important condition for success 
is early use. Now that a more plentiful supply of serum is 
obtainable, and that the medical profession is becoming 
more acquainted with the value of these remedies, it may 
be hoped that better results will be recorded. 

We cannot doubt that in a certain proportion, at all 
events, of the cases recorded, the serum has acted most 
beneficially. It is impossible to know beforehand, on any 
general grounds, which cases will react to the remedy and 
which will show no improvement. It would seem, there- 
fore, advisable in all cases in which infection by streptococci 
threatens to become generalised (septicsemic) to have recourse 
to the serum at as early a stage as possible. No harm is 
likely to result in any case, and a fatal septicaemia may be 
warded off. 

No assistance can be expected from antistreptococcic 
serum in cases due to infection by other pyogenic organisms 
— staphylococci, B. pyocyaneus, <fec. It is, therefore, advis- 
able to ascertain, if possible, whether any individual case is 
due to the presence of streptococci, before using the serum. 
For this purpose a few cubic centimetres of blood may Ije 
withdrawn, and with it a flask of suitable fluid culture- 
medium should be inoculated ; or the pus from any local 
lesion which is available may be examined for the cocci ; 
or they may be sought for in the urine, by which channel 
they are often excreted. In cases, however, in which a 
bacteriological examination is not immediately possible, it 
is preferable to inject the serum at once, if the symptoms 
are severe, rather than wait any length of time for a report 
on the organisms in the blood. 
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ARONSON'S AND TAVEL'S SERUMS. 

It has been objected to the manner of preparation of 
Marmorek's serum that by passage through the lower 
animals the streptococci lose their virulence for man and 
become altered in character, so that a serum prepared from 
them is not bactericidal when injected into human beings. 
Acting on this view, Tavel, Krumbein, Aronson, and 
Menzer have prepared serums by inoculation of horses with 
streptococci derived directly from human sources. Few, if 
any, observations seem to be available for estimating the 
value of these preparations in cases of septic infection, 
but there appears reason to hope that serums prepared on 
these lines may prove more successful than that of 
Marmorek. Their use will be alluded to later, in 
considering the treatment of rheumatism and scarlatina. 
Meyer ^ found that Aronson's serum ^ was much more eflfec- 
tive than those of Marmorek or Tavel. 

DIPHTHERIAL ANTITOXINB IN SEPTIC CONDITIONS. 

Diphtherial antitoxine has now been tried in a large 
number of different conditions besides diphtheria, and 
benefit has been ascribed to its use. Paton ^ considers that 
it is almost specific for septic conditions generally. He con- 
cludes — (1) That it is specific for all affections due to 
streptococci and staphylococci, and for simple traumatic 
inflammations; (2) that it acts as an absorbent for in- 
flammatory tissues and for effused blood ; (3) that it has 
an influence on the coagulability of the blood ; and that (4) 
it acts beneficially in depressed nervous conditions (which 
may perhaps be due to septic or autotoxic conditions). 

Paton considers that the antitoxine acts well when it 

^ Zeitschr. f. klin, Med.^ Vol. i., Nos. 1 and 2. 

2 Aronson's serum, prepared partly with streptococci obtained 
directly from man, partly with organisms passed through animals, 
may be obtained from the Chemische Fabrik von Action, MuUer- 
strasse 170, Berlin, N. 

8 Australasian Med. Qaz,y Feb. 20, 1902. 
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is given by the oiouth, and he adopts this method of ad- 
ministration. He gives the following formula : — 
R. Diphtherial anfitoxine, 3,000 units ; Trag. carmin., 
a sufficiency ; water to 2 ounces. 
One fourth part of this (750 units) is given night and 
morning, or every four liours. In erysipelas the dose is 
administered every eight hours : in acute peritonitis or 
perityphlitis it is given at once, and repeated in two hours' 
time ; then, again, every four to six hours. The serum may 
cause slight i^enal irritation or cutaneous eruptions, but these 
effects are unimportant. 

In the present state of our knowledge it appears difficult 
to take very seriously any claims as to the value of an 
antitoxine in other diseases than that for which it is 
prepared. It may possibly produce some leueocytosis, and 
may thus be beneficial, but it is at least as probable that 
the cures attnbuted to it are instances of the fallacy of 
mistaking j/ost Jioc for propter hoe. 

liHEUMATIfjM. 
.etiology. — The causation of rheuuiatic fever, and of 
tho chronic affections of the joints generally described as 
rheumatic, is not definitely known. The acute disease pre- 
sents some resemblances to an infection, but it does not 
appear to be communicable from one infected individual to 
another. Certain persons seem to be in some manner pre- 
disposed to the afTection, and suffer from repeated attacks, 
while others remain free throughout their lives. The chronic 
forms of rheumatic trouble tend to afflict old or elderly 
persons, but the acute diseiise, rheumatic fever, is most 
inly seen in young persons, and affects quite young 
children. The younger the jiatient, the more lilcely are 
cam)ilications affecting the heart to occur. The disease is 
popularly associated with cold and damp, and it seems to 
have a seasonal prevalence (spring and autumn), but it 
may be met with at any period of the year. 

Many observers have found micro-organisms 
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blood and synovial fluid of patients suffering from acute 
rhetunatiBui. A very largo number of different bacteria 
have been desci'ibed in this connection — ataphyloeocci, strep- 
tococct, diplococci, and bacilli. Fov practical purjwses tbe 
question of the microbial origin of the disease is at present 
associated with the claims of an organism first discovered 
by Apert and Triboulet (18!)8), and subsequently inves- 
tigated by Wassermann, and by Poynton and Paine in this 
country. Tbe last - mentioned observers describe the 
organisms aa diplococci, and have found them in a large 
number of cases of acute rheumatism. By inoculation in 
animals they have produced nut only arthritis, but also 
pericarditis, endocarditis, pleurisy, formation of nodules, and 
possibly chorea. 

These results have been confirmed by Meyer,' in (Ger- 
many, and by Walker and Beaton - in this country. 
Cultures of the organisms may l>e obtained from the blood 
of the patient, from the urine, from the rheumatic nodules, 
and from the synovial fluid. They appear as minute cocci, 
arranged in pairs or chains, the former being the usual 
arrangement in the living Ijody, the latter in artificial 
media. They are stained by aniline dyes, and are not 
decoloriswi by Gram's reagent. In rabbits, successive 
inoculations of the cocci may be followed by recurring 
attacks of arthritis. Walker calls the organism the 
MKTococeua r/tfiimatifus. It would he preferable, perliaps, 
to call it a streptococcus, as it appears to belong to this 
group. 

With regard to the specific nature of this organism, 
no certain verdict has been pronounced as yet The 
opinions of some authorities us to the unity of the strep- 
tococci have already been meatioued. On the other hand, 
it is difficult to believe that so distinct a clinical disease na 
rheumatism can be due to the eame cocci which produce 

' IkulKiht. ma. W«th., moi, No. 1. Z^lifkr. / Hih. ifal.. 1902, 
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Kuppuration. If the rheumatic cocci be merely an at- 
teiiuatcMl fomi of these, it is curious that suppuration is 
practically never seen in rheumatic joints, as it might Lave 
been <*xi)ected that the organisms would not unfrequentlj 
gain increased virulence in susceptible persons. There is no 
reason to believe that rheumatic subjects are in any way 
refractory to suppurative lesions. Walker, however, finds 
tliat the rheumatic cocci will grow in a filtered culture- 
fluid in which other streptococci have been grown and have 
died out. This, which has been alluded to as Marmorek's 
test for tlie unity of the streptococci, appears to show that 
the Streptococcus rheumaticus is distinct from ordinary 
pyof^enic organisms. 

The mode of invasion of the body by the rheumatic bac- 
teria is generally supposed to be by way of the tonsils. The 
cocci may be obtained from the mucus in the fauces and on 
the tonsils. It must be mentioned that some observers have 
failed altogether to find micro-organisms in cases of acute 
rheumatism. Thus McCrae^ examined 270 cases with 
practically negative results; and Triboulet,^ finding 
organisms in some cases and not in others, considers that 
the sterile cases i*epresent the true disease, while those due 
to organisms only simulate rheumatism. 

Menzer's Serum. — The serum ^ used by Menzer is pre- 
pared from streptococci derived from human sources. The 
effects produced in cases of chronic rheumatism are very 
remarkable, as, according to Menzer's account,* the injection 
of the serum gives rise to a reaction at the seats of rheu- 
matic lesions (the joints) of an inflammatory nature, which 
is followed by subsequent improvement. This peculiar 
result of the serum would suggest, as was pointed out by 
Blum en thai, that the serum is not antitoxic or antibacterial 
but contains a toxine similar to tuberculin or mallein. The 



* Journ. of the American Med. Assoc., Jan. 3, 1903. 
'^ Gazette dea H6p., April 4, 1903. 

^ Menzer'a serum may be obtained from Merck, of Darmstadt. 

* Zeitschr.f. klin. Med., 1902, xlvii., p. 109. 
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reaction is exactly parallel to that which follows an injec- 
tion of the old tuberculin in a patient suffering from 
a tuberculous joint. Menzer, however, holds that his 
serum is antibacterial, and from what is known of its mode 
of preparation it should be of this nature. He suggests 
the explanation that the reaction is due to destruction of 
the cocci present in the patient and to the resulting rapid 
absorption of intracellular toxines. Symptoms of constitu- 
tional disturbance also accompany the injections of serum 
in rheumatic patients, viz, rise of temperature, headache, 
sore-throat, and enlargement of lymphatic glands. Cardiac 
disease, if present, may at first be aggravated by the remedy, 
but is subsequently improved. The local inflammatory 
symptoms are not seen in cases of gonorrhoeal rheumatism 
which are treated with the serum. 

Menzer gives in his original paper an account of seven 
cases of rheumatism treated by his serum, and holds that 
they were all improved. Relapse did not follow the treat- 
ment. In one case Which exhibited symptoms of nephritis, 
these were at first aggravated by the use of the serum, but 
finally improvement was effected ; indeed, Menzer suggests 
that the serum may prove useful in the treatment of some 
cases of chronic renal disease, in which a local stimulating 
effect may be beneficial. He does not claim that an actual 
cure of rheumatic fever, or eVen a cutting-short of the 
disease, is directly effected by the serum, but thinks that the 
resistance of the patient is raised by its means. This theory 
would be consistent with an action analogous to that of 
tuberculin ; which, however, Menzer will not allow. 

A patient who had suffered from chronic rheumatism, 
and had been ineffectually treated by ordinary means, was 
shown by Menzer at the Berlin Medical Society, i As the 
result of serum- treatment the man had so far improved 
that he could get about with sticks after four weeks' 
treatment. 

' Berliner Verein f, inn. Med,, March 23, 1903. See ZentralbL f. 
inn, Med., 1903, p. 410. 
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The dose of the serum is not well established. Five to 
ten cc. may be given experimentally, but large quantities 
may be use<l if no ill effects are observed. 

Very great interest attaches to Menzer's experiments, 
liut at present no deGnite opinion can be expressed as to the 
merits of the treatment. Cases of acute rheumatism 
generally yield readily to the use of salicylates, and in view 
of this fact it is natural to hesitate somewhat before 
prescribing a remedy which seems capable of giving rise to 
alarming symptoms. It would seem, for the present at 
least, wise to refrain from using the new remedy in cases 
complicated by recent endocarditis, or other acute lesions of 
important parts (pleurisy, pericarditis, Ac). In chronic 
cases, however, it might be safely tried. These are so 
relxillious to treatment by ordinary means that any method 
which holds out a prospect of success is to be welcomed. 
No danger seems to reside in the use of the serum in such 
instances, while it is easy to suppose that the local reaction 
might have a curative influence by its stimulating effect on 
indolent tissues. 

CHOREA. 

The connection between chorea and rheumatism is not 
exactly ascertained. Many writers consider that chorea is 
a nervous manifestation of the rheumatic poison, while 
others see in rheumatism only one of several debilitating 
dis(*ases which may cause the peculiar condition of the 
n)otor centres characteristic of chorea. Bacteriological 
examination has shown the existence in chorea of organisms 
similar to those which have been found in acute rheumatism, 
and sonie experimenters (Poynton and Paine, Walker) have 
produced in animals, by injection of these organisms, a 
condition which they consider to represent the chorea of 
human beings. 

Pr(jobrajenskyi treated several cases of severe chorea, 
which he considered to be of an infective type, with a poly- 

^ Quoted in La Semaine Med.y 1902, p. 412. 
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valeat antistreptococcic serum. Great improvement ensued, 
very rapid diminution in the symptoms being observed. 
Relapses occurred in some of the cases, but renewed use of 
the serum caused their disappearance. 

Chorea, like rheumatism, is a disease in which it is very 
difficult to make sure of the effects attributable to drugs. 
Much conflict of opinion has, for instance, been exhibited as 
to tlie efficacy of arsenic in this ailment ; and other remedies 
have been vaunted as specifics, only to be rejected in the light 
of further observation. Hence the claims of antistreptococcic 
serum to cut short the disease must be closely scrutinised 
before they are accepted. It is very desirable that further 
experiments should be made with this treatment. 

SCARLATINA. 

JEtiologJ. — ^The causation of scarlatina or scarlet fever 
is not definitely established. Many observers have described 
cocci in connection with this disease, and there is a 
tendency to regard these as the exciting cause of the malady, 
but so far exact proof is wanting. Klein described in 
connection with scarlet fever an organism which he called 
StreptococciM acarlatince, and Class ^ found diplococci in 
the throats and in the blood of scarlatina-patients. They 
do not, according to the latter writer, form chains. Class 
states that the serum of convalescents retards the growth of 
these cocci, and that it is possible to prepare an antitoxic (?) 
serum from animals. In some earlier experiments he found 
that the cocci injected into pigs gave rise to an erythematous 
eruption. Curtois ^ also assigns the causation of the disease 
to a streptococcus. He found organisms of this nature in 
the urine of patients on 42 occasions out of 97 examinations 
made. They were obtained from urine which contained 
albumen more constantly than from non-albuminous urine, 
a fact which might point to the organisms as the excitants 
of scarlatinal nephritis. Curtois considered that the 

' Interstate Med, Joum.f Vol. ix., No. 7. 
2 These de Paris, 1899. 
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diseased tissues afford a favourable pabulum for these cocci, 
which take advantage of the opportunity thus oflered, and 
are probably responsible for many of the complications 
of the malady, such as ulceration of the throat and disease 
of the middle ear, just as they appear to excite suppurative 
lesions in other acute diseases. 

SPECIFIC SERUM. 

Moser,! who found that of 99 cases of scarlatina 73 
exhibited cocci in their blood, prepared, by injecting horses 
with these organisms, a specific anti-scarlatinal serum. This 
was tried by Escherich, apparently with good results. He 
records that the mortality was reduced by its means to 
8*9 per cent., whereas in other hospitals at the same time, 
where the serum was not used, the death-rate amounted to 
13*9 per cent. The injection of the serum was followed by 
fall of temperature and general improvement. 

ANTISTREPTOCOCCIC SERUM. 

Baginsky ^ tried Marmorek's serum in cases of scarlatina, 
but found that it did not produce any good effect on the 
course of the disease. Subsequently he made use of a serum 
prepared by Aronson, with better results, the mortality 
from the disease falling from 14 to 11 percent. The figures 
do not seem very striking. 

In view of the suppurative lesions which may occur as 
complications of scarlatina (ulceration of the throat, otitis 
media, &c.), it would seem advisable to use an antistrepto- 
coccic serum in severe cases, with a view to prevent or 
relieve these lesions. It can hardly be expected that the 
course of the disease itself will be modified by this procedure, 
but in this country scarlet fever is a mild disease, and it is 
rather the complications than the primary infection which 
are to be feared. In the anginose form the use of the 
serum would seem specially indicated, as this is almost 

^ Quoted in La Semaine Med,, 1902, Appendices, p. clviii. 
2 Ibid., 1902, p. 394. 
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certainly due to secondary infection. The mortality in 
tliese cases is high, and even in those which recover the 
convalescence is long and tedious.^ 

SERUM OF CONVALVSCENTS. 

Leyden- has observed the effects of injecting serum 
derive<l from convalescents from scarlet fever into patients 
suffering from the disease. He thinks that good results 
ensue. According to his observations, the disease is cut 
short, the temperature reaching normal some days earlier 
tluan it would otherwise have done. No critical fall of the 
fever is, however, seen. The doses administered were from 
10 to 20 cc, and no ill effects were produced. 

These experiments are of theoretical rather than practi- 
cal interest, as it is not to be expected that such a remedy 
pould l)ecome generally used. Convalescents from a disease 
could not be expected to sacrifice a portion of their blood 
for the benefit of other patients — at all events, not in this 
country. A perusal of Leyden's paper does not convey the 
impression that the observed results were at all strikingly 
encouraging. 

PNEUMONIA. 

Causation. — The organism to which the great 
majority of all cases of acute pneumonia are due is the 
Diplococciis p7ieumoniai, or Pneumococcus of Frsenkel and 
Weichselbaum.^ This organism occurs in the form of paired 

^ Mackie has recently used antistreptococcic serum in those cases 
with good results. {Laneetf 1904, i., p. 493.) 

'^ Deutsch, Archivf. klin, Med.^ Bd. Ixxiii. 

' Another organism sometimes associated with pneumonia is the 
Pneumohacillus of Friedlaender (1883). This bacillus is a short, almost 
oval bacterium, occurring often in pairs, sometimes in short chains. 
It is enclosed in a capsule when growing parasitically, but loses this 
in artificial cultures. The capsule surrounds each bacillus separately, 
not enclosing a pair of organisms as in the case of the pneumococcus. 
The pneumohacillus is non-motile, and does not form spores. It is de- 
colorised by Gram's method. It gives rise to bubbles of gas in 
gelatine shake -cultures. Besides occurring in the lungs in some cases 
of pneumonia, the bacillus of Friedlsender may give rise to a form of 
membranous sore*throat, and has been found in abscesses in various 
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cocci, each pair being enclosed in a capsule. The cocci may 
be oval in shape, or may present flattened surfaces towards 
each other, the opposite aspects being pointed (lanceolate). 
In cultures the cocci are round or oval, and they grow into 
chains. Tfiey do not form capsules outside the body. Tlie 
Diplococcus pneumonise grows on most laboratory media, 
with the exception of potatoes, but tends to lose its virulence 
under artificial conditions. The cocci stain with aniline 
dyes, and retain the colour when treated by Gram's 
method. 

The Diplococcus pneumoniae occurs normally in the 
throats of healthy individuals, as a harmless saprophyte ; 
certain circumstances, such as chill, alcoholic excess, or 
exhausting disease, enable it to gain a foothold in the 
tissues, and to excite disease. In cases of acute croupous 
pneumonia in man it is chiefly found in the lungs, but it 
may also be present in the general circulation in this 
malady. Suppurative local conditions, such as otitis media, 
may at times be produced by this organism. Of the 
lower animals, mice and rabbits are extremely susceptible 
to the D. pneumoniae, a fatal septicaemia being produced. 
Dogs and sheep are less easily affected, the cocci giving rise 
to localised inflammation; pneumonia may be caused by 
injection into the lungs. If susceptible animals are inocu- 
lated subcutaneously with attenuated cultures of the cocci, 
a local abscess results, and the animal is found to be immune 
to further infection. 

AgglntinattioiL — The diplococci are agglutinated by the 
serum of immunised animals or of patients suffering from 
the disease. The reaction is not so easily demonstrated as 
in the case of B. typhosus. Micrococcus melitensis, <kc. ; and 
it does not appear to be of much practical value for clinical 

parts of the body, as well as in pleurisy, endocarditis, otitis, rhinitis, &c. 
The pneumobacillus is agglutinated by the serum of patients in- 
fected by it, and exhibits chain- formation if grown in immune serum. 
A special phenomenon, *' amorphous agglutination," the nature of 
which is doubtful, is described by Schmidt. — Miitich. med. JFoch,, 
1903, Np. 30, p. 873. 
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diagnosis. The phenomenon can be best shown by growing 
the cocci in some of the immune serum, a control growth 
being made in normal serum. In the latter the organisms 
produce a turbidity of the fluid, and under the microscope 
are seen to be uniformly scattered about in pairs or short 
chains. In agglutinative serum the organisms grow in 
flocculi, while the rest of the fluid remains clear. Micros- 
copically the cocci are seen to be adherent in long chains or 
in clumps. 1 Jehle,^ who apparently used the ordinary 
technique for agglutination-experiments, reports that in 
children the reaction appears early in the disease, so as to 
be of diagnostic value, and that it may be useful for 
prognosis, since pure pneuraococcic affe9tions generally tend 
to end in recovery. 

SERUM-TREATMENT. 

G. and F. Klemperer ^ were the first to attempt to treat 
cases of pneumonia by means of an antagonistic serum. 
They prepared this from rabbits immunised by injections of 
pneumococci, using a precipitate from the blood of these 
animals which they called " antipneumotoxin." In six cases 
so treated these authors claimed good results. Washboum 
immunised a pony, and Parr ^ an ass ; the latter treated 
twenty-two cases with the serum with two deaths, both in 
patients who were moribund at the time of admission ; he 
found that doses of 50 cc. were followed by crisis and recovery. 
Biggs ^ immunised a horse, and found that the serum would 
protect rabbits against 1,000 lethal doses of the cocci ; but 
he obtained only indecisive results in man. 

Pane ^ has prepared a serum from donkeys, and records 
very favourable results. This serum was capable of protect- 

^ See Eyre and Washboum, Journ. of Pathol,^ Vol. v., p. 13; 
and Besan9on and Griffon, Ann. de VInst. Pasteur ^ 1900, p. 449. 
- Wien. klin. Woch., Aug. 6, 1903, No. 32, p. 917. 
» Berl klin. Woch., 1891. 
'* Quoted by Biggs. 
^ Med. News, 1899, Ixxv., pp. 97, 137. 
^ Riforma Medica, 1898. 
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ing laboratory animals against 3,000 lethal doses. Eyre and 
Washbourn found it eflTective against four out of five strains 
of pneumococci. Maragliano,i in 1898, stated that " he was 
more and more convinced of the antitoxic (?) power of 
Pane's serum, and of its efficacy in pneumonia." Fanoni ^ 
is very confident of the value of this preparation. He 
employs doses of 40 cc. daily, and finds that the temperature 
is lowered, the general condition of the patient improved, 
and resolution of the afiected lung accelerated. In children 
especially good results are to be obtained. 

Lambert ^ has immunised horses and treated cases with 
the serum. He finds that slight reduction of the tempera- 
ture is efiected, but crisis is not induced. The pneumococci 
may disappear from the blood, if they are present there ; 
in other words, a pneumococcic septicaemia may be pre- 
vented. The total efiect obtained is, however, small ; and 
Lambert has given up the use of the remedy. On the 
other hand, Macfarland and Lincoln* consider the out- 
look as to serum-treatment of pneumonia to be distinctly 
hopefuL 

With regard to the properties of a serum prepared by 
injections of Diplococcus pneumoniae into animals, it would 
be natural to expect that it would be bactericidal, not anti- 
toxic. On the other hand, it is found that the cocci will 
grow in the serum of patients suffering from the disease and 
in that of immunised animals (see p. 229, ** Agglutination"). 
Bokenham ^ states that the serum has no effect on the cocci by 
itself : if, however, it is brought in contact with the organ- 
isms in the presence of leucocytes, it causes these cells to 
destroy the germs by phagocytosis. This suggests that the 
serum contains a copula which facilitates the action of an 
alexine contained in the leucocytes upon the pneumococci 
(c/! Relapsing Fever, p. 304). 

1 Quoted by ¥3,noui, Med. Record, March 10, 1900, p. 431. 

' Pediatrics, May 15, 1900. 

^ Journ, of the American Med. Assoc, 1900, i., 901. 

4 lbid.,J)QQ. 16, 1899. 

5 Brit. Med. Joimi., 1900, ii., p. 1,080. 
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SEBUM OF 00KTALE8CENT& 

Weisbecker^ first employed this method of treatmeot 
iu a series of 21 cases ; but in ^ite of some subjective 
improvement, he considered that the results were incon- 
clusive. Mardioux * thon^t that he observed good effects 
witli this method. 

TAOCIKATION. 

It has already been mentioned that it is possible to 
render animals immune by subcutaneous inoculation with 
the cocci. It is probable that the same could be done in 
man, but the proceeding would be of very doubtful valne. 
In the first place, pneumonia is a sporadic affection, and the 
majority of mankind pass throng life without suffering 
from it. In the second place, the protection gained woald 
Ije transitory, as far as can be judged from analogy. An 
attack of pneumonia does not confer any lasting immunity ; 
ind(^ed, i>ersons who have once suffered from it, and re- 
covered, are possibly more liable to subsequent attacks, not 
because one attack predisposes to further ones, as is gener- 
ally said, but because the protection gained is very short- 
lived, and some special predisposition seems to exist in 
the individual which renders him susceptible to the 
pneumococcus. 

DIPHTHERIAL ANTITOXINE. 

Talamon ^ has treated 50 cases of pneumonia with 
antitoxine, many of them being alcoholic patients, and some 
of them old i>er8on8. The death-rate was 14 per cent., 
whereas previously, in cases treated symptomatically, it had 
been 37 per cent. He finds that if the serum is adminis- 
tered before the fifth day of the disease the mortality is only 
4 per cent. ; whereas, if it is not given till after the sixth 
day, the death-rate rises to 24 per cent. He gives doses of 
20 cc, repeated if necessary ; in grave cases he injects 
20 cc. at once, and repeats the dose on the following 

1 Miineh. fned. Woch., 1899. 

- Amalfn de VIu8t. Fanteur, 1899, p. 193. 

» La Semaine Med,, 1901, p. 69. 
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morning and evening. Bessoni ^ also recommends this 
treatment, reporting 21 cases in which it was used, 
with a mortality of 4 per cent. ; among 79 other patients 
not so treated the mortality was over 16 per cent. Legros,'- 
who made use of antitoxine in some cases of pneumonia, 
failed to obtain any benefit. The same criticism probably 
applies to the use of diphtherial antitoxine in pneumonia 
as in septic conditions (see p. 219). 

G'Malley^ believes that antitoxine is a very valuable 
therapeutic agent in cases of bronchopneumonia in children, 
especially in the forms which complicate other infective 
diseases (measles, influenza, &c.), 

SUMMARY. 

The results obtained up to the present with anti- 
pneumococcic serum are disappointing. It is certain 
that good effects are producible in animals, but these 
are rather in the direction of prophylaxis than of cure. In 
man, by the time that symptoms of pneumonia have deve- 
loped the cocci have gained so firm a footing, and have 
increased to such numbers, that only a very potent serum 
of a bactericidal nature could be expected to act efficiently. 
Those which are at present obtainable do not seem to come uj) 
to this standard. It is also possible that the immune bodies 
formed in the lower animals do not find suitable alexines in 
man. Further, it appears that there are different strains of 
the pneumococcus which react differently to anti-bodies. 
More might be expected from an antitoxic than from a 
germicidal serum, as pneumonia is characterised by symj)- 
toms of profound intoxiaction ; but as it has not been pos- 
sible to obtain potent solutions of the toxines of the Diplo- 
coccus pneumoniae, no such serum is at present available, 
nor is there any immediate prospect of its preparation. 

AFFECTIONS DUE TO THE GONOCOCCUS. 

The Diplococcus gonorrhmce, or Gonococcus, is a noii- 

^ Annates de Med. et Chir, Infantiles^ Feb. 15, 1899. 
- La Semaine Med., 1901, p. 158. 
^ American Medicine^ Jan. 17, 1903. 
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motilft cficrniH, fxjcunrin^ generalljr in pairs, wtuch an? mx 
wnTounrJfrfJ hy a cafMHuIe. The cocci are oval izi ahApCr «" 
fiH,ti4mfi(\ (>r\ th^; HurfaceH which are apposed to their ne%h- 
^>our«. They are decolorised by Gram's method — a point 
of diffVsrence from mo«t pyogenic cocci They are dhEcnlr 
t/» cnltivaUs fMitnide the VKxly, though they can be groim •». 
Hptu',\H\ media, Frif action appears to be always tranamicced 
by a<;tual couifwi; bonce tlie disease is a '* venereal '' maJadT. 
The ^f>Tio<;fK:r;tiH uHually gives rise to a local 
afTeetion (iinrihntiH, conjunctivitis), but it 
gerifiral infection, tlie organisms entering the circnlation and 
giving riHe Ut arthritis, endocarditis, and septicaemia. 

Toxlnes and AntitOXineS.— Christmas i has grown 
the eo<!(!i artificially and obtained a poisonoiis fluid. A 
Uix'ui wA'ul, gonoU>xine, can l^e precipitated from this hr 
ammonitirii Hulf)hate; it is not dialysable, and is not de- 
stroyed by heating to 65^ C. for half-an-hour. By injection 
of the, toxine inU) ra^nts an antitoxic serum can be pre- 
jrared wliicjh n(!Utrali«OH the ixjison in vitrOy and acts pro- 
phyliMjtically against injections of the poison in ATii twii^la 
It do<?H not Heerii to have been used on man. 

' Anuaten fie flmt. Panteur, 1900, p. 331. 
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CHAPTER XIV. 

TUBERCULOSIS. 

Character of the Causal Bacillus. — The actual 

discovery of the BaciUus tuberculosis was made by Koch, 
though it had been recognised for some time previously that 
the disease was due to an infective agent (Villemin, Cohn- 
heim, <Src.). The bacillus is a rod-shaped organism, non- 
motile, and not provided with flagella. It grows slowly on 
laboratory culture-media, preferring the addition of a certain 
amount of glycerine to its pabulum. It is not known to 
form spores, though some of the phenomena connected with 
its spread and persistence suggest that it does in reality 
possess this property. For a long time all attempts at 
reducing the virulence of the bacillus failed, the organisms 
either being killed outright or retaining their full virulence, 
but more recently some observers have claimed to have 
produced attenuated cultures. (See below, p. 240.) 

ToxineS. — By growing the bacteria in glycerine- 
bouillon some of the toxines may be obtained, but the 
bodies of the bacilli are themselves toxic, acting as distinct 
irritants even when they are dead. The toxines of the 
tubercle-bacillus are not well understood. A peculiar acid 
formed by it has been credited with the power of producing 
the characteristic degeneration of the tissues called " casea 
tion.'* Another substance gives rise to fever ; and certain 
volatile products are said to have a convulsant effect. 
The bacilli may cause death in two ways — either by rapid 
multiplication and formation of toxines, as in acute miliary 
tuberculosis, or by producing gradual destruction of some 
organ necessary to life, such as the kidney or the lung. 
In these latter cases there is often a superadded infection 
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by pyogenic organisms, staphylococci, (fee, to the toxic 
effects of which the profuse sweats so characteristic of 
advanced tuberculosis are principally due, and very possibly 
also much of the ulcerative destruction of tissue met with 
in cavities in the lungs as well as in superficial lesions. 

Susceptibility. —All individuals are not equally sus- 
ceptible to tubercular 1 disease. It is probable that in 
civilised countries all persons are at some time or other 
brought into contact with the bacilli, but all do not develop 
the disease. Statistics show that from one in seven to one 
in ten of all deaths are due to tuberculosis in some form, 
while a much larger proportion of the whole population 
probably develop at some time in * the course of their lives 
localised foci of tubercular mischief. Want of food and of 
sunlight, insanitary surroundings, overwork and depressing 
circumstances, act as predisposing causes of tuberculosis, by 
lowering the general resistance of the tissues. Certain 
families have a hereditary tendency to tuberculosis — that is 
to say, they afford a favourable soil for the development of 
the bacilli owing to some defect in their powers of resisting 
these organisms. It is improbable that the disease is 
handed down directly from parent to child by means of either 
ovum or spermatozoon, or that infection by way of the 
placental circulation occurs otherwise than as a pathological 
curiosity ; but the lack of resisting-power is handed down 
from parent to child. Further, the children of tuberculous 
families tend to be constantly brought into contact with the 
bacilli derived from diseased relatives. Upon these two 
factors the hereditary character of the disease depends. 

Several of the animals commonly used in the laboratory 
are very susceptible to tuberculosis, especially the guinea- 
pig, which is useful as a test-animal, succumbing as it does 
to the injection of fluids in which no bacilli may be 
demonstrable by the microscope. Rabbits are also easily 

^ Tubercular, "connected with tuberculosis," as tubercular affec- 
tion ; tuberculouSj " full of tubercles," as a tuberculous patient or 
joint. 
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infected. Wild animals kept in captivity are often carried 
off by this disease, e,g, monkeys. Cattle suffer from a form 
of tuberculosis, which is somewhat different from that of 
mankind, the bacilli occurring in large masses and pro<luc- 
ing pedunculated tumours. The question of the identity or 
difference of the human and bovine Imcilli is still undecided. 
Professor Koch holds that the organisms are distinct, and 
that bovine tubercle cannot be conveyed to man, nor human 
tubercle to cattle. The general opinion at the present time 
appears to be that there is no such absolute distinction 
between them, although the difficulty of infecting bovine 
animals with human bacilli is admitted to be very great. 
Birds suffer from a special form of tubercle, which appears 
to be caused by a distinct, though nearly allied, organism. 
Use has been made of the different varieties of the B. 
tuberculosis for the purpose of immunising animals, inocula- 
tion with bacteria of the kind special to anotlier animal not 
producing tuberculosis, but rendering the animal inoculated 
immune against its own form of the disease. (See below.) 

Resistance to Tuberculosis.— The coui-se of the 

disease is very various in different cases, according to the 
amount of resistance to the organism offered by the tissues. 
Some individuals die within a few weeks after the appear- 
ance of symptoms, the condition being one of acute 
generalised tuberculosis; others succumb within a few 
months to rapid destruction of the lungs ("galloping con- 
sumption "). The majority of infected persons hold out for 
some years, the disease gradually advancing either by a 
steady progress or by a succession of exacerbations with 
intervals of recession. This last feature in the phenomena 
of tuberculosis — the tendency to intervals of improvement 
— makes it especially difficult to judge of the effects of 
remedies. Recovery may take place in almost any stage of 
the disease, when it is localised ; but relapses are very prone 
to occur, even in cases which are apparently cured, as a 
result of any deterioration of general health. 

Healing may be considered from two points of view — 
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the general recovery and the local repair. The latter takes 
place by a process of scarring, the tubercular matter being 
absorbed or eliminated, and its place taken by a growth of 
fibrous connective tissue. At other times a tubercular 
deposit may become infiltrated with calcareous matter, 
forming a nodule of stony hardness, in the midst of which 
bacilli may remain embedded. There is reason to believe 
that even such calcified masses may under certain circum- 
stances soften and be distributed to other parts, the bacilli 
retaining their virulence and giving rise to an extension of 
the disease. 

The general recovery is effected by the production of 
antitoxic and antibacterial substances, as in other infective 
diseases. The serum of normal healthy individuals possesses 
some antitoxic power, i.e, is capable of neutralising a certain 
quantity of tubercular toxines : that of tuberculous cases 
has not this property (Mircoli). 

The serum of many individuals has the property of 
clumping or " agglutinating" the tubercle-bacilli when these 
have been prepared in a divided condition. It is probable 
that this agglutinative power bears some relation to the 
amount of resistance which the patient can offer to the 
disease, but this is not as yet proved satisfactorily. A test 
for the presence of tuberculosis, and also as to the prognosis 
in individual cases, has been suggested, based on this 
property (see below), but it is of very doubtful validity. 

TUBERCULIN. 

Artificial Preparation of the Toxines of the 

Tubercle Bacillus. — Koch found that by growing the 
bacilli from six weeks to two months in flasks containing 
slightly alkaline veal-broth, to which a percentage of 
peptone and of glycerine had been added, and freely supply- 
ing the cultures with oxygen throughout, it was possible to 
obtain a fluid containing some, at any rate, of the toxinea 
produced by the organisms. By passing this through a 
porcelain filter the bodies of the bacteria were removed, and 
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a solution of the poisons remained. This was concent rat t**! l»y 
evaporation to one-tenth of its bulk, and to the fluid thus 
obtained the name of tuberculin was givcMi. Tt was ho[>e(l 
that this preparation would exert a curative effect on the 
disease (phthisis), and the discovery ^^as announctnl to the 
world as a " cure for consumption." CIreat hopes wen* 
thus raised, only to l)e dashed to the ground when further 
experience was gained as to the liniitiitions of the method 
and the inconstancy of the good results produced. The 
reaction which ensued as the result of this disappointment 
undoubtedly went too far in the opposite direction, and th(» 
really valuable properties of tuberculin were overlook (»d or 
denied. 

Composition of Tuberculin.— Tuberculin, as thus 
prepared, is a somewhat thick fluid, of a dark yellow colour. 
It is practically a solution in glycerine of the toxines formed 
by the bacillus, since the glycerine added to the orij^inal 
culture-medium does not evaporate on heating, while the 
water is driven off. A careful analysis of tuberculin, as 
originally prepared by Koch, was made by W. Hunter,^ as 
the result of which he came u) the conclusion that it was a 
very complex substance. He separated from it (besides 
glycerine, <fec.) alkaloids, albumoses, and extractives. lie 
considered that the material w^hich produces the febrile 
reaction was of the last class, and as these matters are 
separable by dialysis, he hoped to produce a tuberculin free 
from the objectionable features of Koch's pnjparation. The 
remedial substance is probably an albumose, as is also that 
producing the reaction (inflammatory) around the foci of 
tuberculosis. There are thus at least three active principles 
present in tuberculin. 

Koch, as the result of independent analysis, agreed in 
considering that the most important material was of the 
nature of an albumose, but he was doubtful as to its exact 
chemical nature, owing to its power of resisting high 
temperatures — a peculiarity which Hunter also had noted. 

1 Brit. Med. Journ., 1891, ii., 169. 
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Modifications of Tuberculin.— Since the original 

announcement of the remedy, modifications in the mode of 
preparing tuberculin have been introduced by Koch.^ 
( I ) Instead of the toxines produced by growth of the bacilli in 
a fluid medium, he has made use of extracts of the organisms 
themselves. He took highly-virulent cultures of tubercle- 
bacilli, dried them in vacuo, and triturated them in a mortar. 
The resulting powder was treated with sterile distilled water, 
and submitted to centrifugalisation. The supernatant clear 
but opalescent, fluid was then removed from the debris, and to 
it Koch gave the name of Tuberculin -O (T.O.), or ^*oberer 
(upper) Tuberculin." (2) The solid residue was then again 
dried, and the same process of extraction was repeated 
several times, the fluid used each time being preserved, and 
the whole finally mixed together. This mixture constituted 
the residual tuberculin (T. rtccksta/nd, T.R.).^ Koch claims 
that specially valuable properties reside in this last prepar- 
ation, gradually-increasing doses injected into animals 
producing immunity to tuberculosis, and also to the action 
of tlie other forms of tuberculin. (3) A third modification 
(T. A., Tuberculin alkalinum) is obtained by extracting dried 
tubercle-bacilli with decinormal soda-solution, and filtering 
the fluid. Tuberculin-0 and Tuberculin-A produce efiects 
very similar to those of the old tuberculin (T.). (See also 
Tuberculocidin, p. 262.) 

Action of Tuberculin. — It is found that if a minute 
quantity of the preparation (T.) is injected hypodermically 
into a patient or animal suifering from any form of tuber- 
culosis, very definite symptoms are produced. There is a 
rise of temperature of varying intensity, from one to three 
or more degrees Fahrenheit, accompanied by a feeling of 
illness and sometimes by nausea or even vomiting. At the 
seat of any localised focus of tuberculosis which is open to 
observation, there occurs a more or less vigorous reaction, 

1 J)eut. med. Woch., 1897, p. 209. 

2 To each of these preparations, T.O. and T.R., 20 per cent, of 
glycerine is added as a preservative. 
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with heat and redness ; and often, if this is severe, there is 
a casting-off of necrosed pieces of tissue. After the reaction 
has subsided, it is seen in many cases that an improvement 
in the local disease has set in, with a tendency to healing 
in what may have previously been an indolent sore. The 
tubercular disease of the skin, known as lupus vulgaris, is the 
form of tubercle in which this result is best seen, but the 
same phenomena may take place in any focus of the disease. 
The mode of production of the fever, in the case alike of 
the old and of the new tuberculin, is not well understood. 
It cannot be due to the existence in the tuberculin of 
a direct thermogenic substance, as in that case normal 
individuals would be affected in the same way as the tuber- 
culous. It has been suggested that in the case of the old 
tuberculin the fever is the result of the local inflammation 
excited around the lesions, but this is doubtful in view of 
the similar action of the new prepai*ation, which is not 
followed by any such local effects. We are driven to suppose 
that there is an interaction between two substances, one 
contained in the tuberculin and the other present in the 
body of the tuberculous individual, the result of which is 
the formation of some pyogenic substance as yet unknown. ^ 
The explanation put forward by Ehrlich is as follows: — 
The normal cells of the body are not affected by this sub- 
stance, nor are those which form the actual tubercular 
tissue. Probably the latter are habituated to the poison, 
as they are in close relation with the bacilli which are con- 
stantly giving rise to its formation. There is, however, a 
zone of cells at a certain distance from the centre of infec- 
tion which have been only so far affected by the poisons of 
the bacillus as to be rendered unusually susceptible to their 
influence. When an injection of tuberculin is administered, 
an additional quantity of poison is brought into contact with 
these cells, and they are thus stimulated to react. The 

^ Krehl and Matthes found that albumoses derived from many 
different sources produced effects precisely similar to those of tuber- 
culin. {A.rch,f, Exper, Path. u. Fharmak.y 189e5, xxxvi., p. 437.) 

Q 
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reaction takes the ordinary form of inflammation — 
hypereemia, exudation, (kc. This is also the process by 
which dead or dying tissues are cast off from the body, 
as is seen in the separation of a sequestrum or a slough. 
Hence the necrotic tubercular tissues tend to be cast off 
by the action of the tuberculin, and a more or less healthy 
granulating surface is left in favourable cases. 

The action of the new tuberculin (T.R.) is quite 
different, as far as can be observed. The injection of a 
small quantity of this — the actual substance of the bacteria — 
causes, indeed, a general reaction of a febrile nature in 
tuberculous patients, but this is unconnected, as far as can 
be seen, with changes at the site of exisliing lesions. The 
curative effect of the injections — if they have such an effect 
at all, for of their eflScacy there appears to be still some 
doubt — is exerted by stimulating the tissues of the body 
generally to foim anti-bodies to the tubercle-bacilli. In 
other words, the new tuberculin is supposed to give rise to 
a condition of general immunity. It certainly seems to 
have the power of raising the agglutinating power of the 
serum, and there is reason to believe that this increases 
pari passu with its antibacterial properties. 

Marmorek maintains that an interaction takes place 
between the tubercle-bacilli themselves and the tuber- 
culin ; and states that a febrile reaction may occur if 
tuberculin is injected almost immediately after inoculation 
of bacilli. This statement, however, is not con6rmed by 
other observers. 

Patients in the earlier stages of tuberculosis appear to 
react to tuberculin more strongly than those in whom the 
disease is more advanced ; indeed, those in the third stage of 
plithisis may fail to give any reaction. This may be due to 
the fact that their tissues have become habituated to the 
toxines. It does not detract from the practical diagnostic 
value of the drug, since it is in the early stages especially 
that the disease is difficult to recognise. 

The anatomical effects produced in a tuberculous subject 
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by an injection of tuberculin maj be best seen in an infected 
guinea-pig, which has been killed by the injection of a large 
dose of this substance. A zone of hyperseinia may be seen 
surrounding each of the grey nodules characteristic of the 
disease, which occur throughout all the internal organs. 
Healthy guinea-pigs can tolerate even large doses of tuber- 
culin without manifesting any symptoms ; tuberculous 
animals are killed by a moderate dose. These facts tend to 
show that at all events a possible source of danger resides 
in this substance when it is used on tuberculous patients. 
They also seem to prove that, as is the case with the fever- 
producing substance noted above, tuberculin does not 
contain a substance directly poisonous in itself, but rather 
that it contains some material which interacts with another 
substance present in infected individuals, the two together 
forming a poison ; one of them perhaps acting as copula to 
anchor the. other to the tissue-cells. 

By-effects of Tuberc^in.— The injection of the ori- 
ginal tuberculin (T.) may be followed by the appearance of a 
rigor in some instances, and albumen may be found in the 
urine. Pains in the joints may occur, as after antitoxine. 
In some cases jaundice has resulted, and affections of the 
skin may be produced. Thus, purpuric eruptions have been 
recorded, and Thin^ quotes an instance in which a generalised 
scarlatinal rash appeared, followed by desquamation. 

The new tuberculin (T.R.) may also produce rigors, and 
severe headache may occur after an injection. Albuminuria 
is also met with, and may be considerable in amount. 2 

The existence of nephritis is a contra- indication to the 
use of either variety of tuberculin. 

DIAGNOSTIC USE OF TUBERCULIN. 

Veterinary Use. — As a means of recognising the presence 
of tuberculosis, tuberculin ^ has proved of the greatest 

1 BHt, Med. Journ.f 1890, ii., 1330. 

2 Adrian, Arch, f. Derm. u. Syph.y 1898, Bd. 45, p. 97. 

3 Tuberculin for veterinary use may be obtained from the Lister 
Institute of Preyentive Medicine, or their agents, Messrs. Allen & 
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service, especially in veterinary practice. It is of consider- 
able importance to be able to discover the existence of tlie 
disease in herds of cattle ; and by injecting the animals with 
Koch's preparation the diagnosis can be made with almost 
entire certainty, even in the absence of any symptoms of 
the malady. The injection does not do any harm to the 
beasts beyond the temporary febrile symptoms which it 
produces in those which are tuberculous. No effects at all 
are produced in healthy animals. Thus McEachran i records 
the use of tuberculin in 22,023 cases in cattle without any 
ill effects. 

Employment in Man. — In mankind the use of tuber- 
culin as a diagnostic agent has been much debated. That 
it is of use in this respect cannot be denied, but it has been 
held that there are drawbacks which counterbalance its 
usefulness. 

(1) It is urged that in a certain proportion of cases the 
injection of tuberculin may light up again an infection 
which has become quiescent, and may thus cause an 
exacerbation of the disease. It is very difficult to make 
certain of the facts in this respect, since tuberculosis is a 
disease which is very liable to sudden exacerbations without 
the administration of any drug, and it is probable that 
many of the ill effects attributed to the action of tuberculin 
have been only accidental concomitants. 

Koch, writing in 1897, remarks : — "The most valuable 
property of tuberculin is that, even when injected subcu- 
taneously in very minute doses, it gives rise to the character- 
istic reaction in both men and animals affected with 
tuberculosis. The value of tuberculin as a diagnostic 
agent, on which I laid stress in my first publication on 
tuberculin, has been more and more fully vindicated with 
the lapse of time. The fear that along with the reaction 
tubercle-bacilli might be set free and gain a footing in 

Hanbury (3 cc.. Is.); from Messrs. Parke, Davis & Co. (viala of 
four doses, 38.) ; from the Royal Veterinary College ; or from Messrs. 
Meister, Lucius, & Brianing (1 cc, 9d.). 

^ Tiam. British Congress on Tubeiculosis^ Vol. iv., p. 114, 
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healthy parts of the body has been proved to be unfounded 
in many thousands of injections into cattle made for the 
purpose mentioned. In not one single case was it possible 
to detect any indication of such unfettering of the bacilli. 
In view of this evidence the foolish prejudice resting on the 
supposed setting-free of the bacilli should be abandoned, and 
use should be made of the diagnostic properties of tuberculin." 
At the British Congress of Tuberculosis Koch quoted 3,000 
tests made with tuberculin in man without any ill effects ; 
and Anders 1 alludes to 3,638 similar injections which were 
equally harmless. On the other hand, Munzer,^ and 
Behring,^ regard the injections as distinctly dangerous. 

(2) There is some danger of actually inoculating living 
and virulent tubercle-bacilli in the tuberculin. This can 
hardly be the case with the " old tuberculin " which is 
generally used for diagnostic purposes ; but in the ** new 
tuberculin" Thellung* found virulent bacilli, and actually 
produced infection in rabbits and guinea-pigs. 

(3) The test cannot be used in cases in which the patient's 
temperature rises (apart from the use of tuberculin) to as 
high a point as 100" F., because in such instances it is not 
possible to make sure of the reaction. It is also apparently 
unwise to use the drug in febrile cases, as they may be 
injuriously affected by it. 

(4) Most important of all as a drawback to the use of 
the test for diagnosis is the fact, now ascertained, that the 
reaction is obtained not only in cases of active tuberculosis, 
but also in old quiescent cases (and it is in these that there 
appeal^ to be some danger of lighting up the disease afresh), 
and in some persons suffering from entirely different 
complaints. It has certainly been demonstrated that the test 
is not so absolutely infallible as was at first expected. Thus 



^ Trans. Amer. Climatol, Assoc, 1900. 

2 Prager med. JFoch., 1903, March, No. 13, p. 145. 

3 Gesellsch.f. inn. Med. Wien., March 12, 1903. 

* Beut. med. Woch., 1901, No. 48 ; and Centralbl. f. Bacter., 1902, 
No. 1. 
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Madison! finds that there may be marked reaction to tuber- 
culin in cases in which post mortem no sign of tuberculosis can 
be found. He also quotes cases of healed tubercle which 
gave a reaction with the test ; while he has met with patients 
suffering from undoubted tuberculosis who were unaffected 
by the injections. He places the margin of error at 10 per 
cent. K. Franz '^ (who considers that there is no danger in 
the injections) found that the presence of a reaction in healthy 
persons was very rare, but that in those who are out of 
health, especially in individuals who are the subjects of 
syphilis, a reaction to tuberculin is liable to occur. He 
made experiments on a number of recruits, and considers 
that on the whole the test is useful and reliable. 

At the London Congress of Tuberculosis, E. France 
related the results which he obtained upon a number of 
insane patients. Out of 55 persons tested he found that 45 
reacted to tuberculin. Twenty-nine of the latter died, and 
were submitted to necropsy. All of these 29 were proved 
to be suffering from tuberculosis at the time of death. 
Among those who did not react to the injections five died, 
and were examined after death ; none of these were found 
to be tuberculous. These results are very favourable to the 
use of tuberculin. 

Koch himself claims 99 per cent, of correct results from 
the use of the test. This can hardly be maintained in view 
of the results of other observers, unless we ascribe special 
skill to the inventor of the test. Probably the estimate of 
10 per cent, of error is not far wrong. 

The result of a test with tuberculin may be inconclusive 
in individual cases in which the question of the tubercular or 
non -tubercular nature of a particular lesion is at issue. 
As an instance the following case may be quoted : — The 
present writer administered 110 mg. to a weakly child 
of five, weighing only IJ stone, who was suffering from 
enlarged joints — with a view to determine the nature of this 

^ American Medicine^ Dec, 20, 1902. 
'^ men, med. Woch., 1902, Nos. 36-38. 
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trouble. A reaction ensued, consisting in a rise of tem- 
perature (which had previously been normal) to 103* F., 
with rather troublesome vomiting. The little patient did 
not seem to feel ill, but complained a good deal of the 
sickness, as she could not keep her food down although she 
felt hungry. No ill effects ensued, beyond a slight degree of 
redness and induration at the point of injection, which 
appeared about the third day, and passed off by the fifth or 
sixth. The temperature fell by lysis, rising on the evenings 
of the three ensuing days, but each time to a lower figure 
than on the previous night. No signs of redness or swelling 
were seen in the neighbourhood of the joints, as should 
have occurred had the lesion been tubercular; yet the 
febrile reaction had been marked. This may, however, 
have been due to some small focus of tuberculosis in the 
lungs or elsewhere. 

Tinker 1 states that if the dose be large enough even 
healthy persons react. He also points out that different 
specimens of tuberculin vary much in strength, and that a 
source of error thus arises in comparing results obtained. 
He lays stress on the advisability of beginning with small 
doses. 

In view of the unpleasantness of the results of the 
injections (fever, vomiting, <fec.) in many patients, as well 
as the possibility of exciting an exacerbation of the disease 
— however remote this possibility may be — we should 
refrain from making use of this means of diagnosis unless 
there exist special reasons for its employment. Used with 
these limitations, and with due regard to the margin of 
error alluded to, there can be no doubt that we have in 
tuberculin a valuable assistance in the diagnosis of early or 
obscure cases of tuberculosis. 

Mode of Using Tuberculin for Diagnostic Pur- 
poses. — The advice given by Koch for the diagnostic use 

^ Johns Hopkins Hosp. Reports, Vol. xi., 1903, p. 544. This article 
contains much valuable collected information on the diagnostic use of 
tuberculin. 
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of tuberculin is as follows : — It is necessary to observe the 
course of the patient's temperature carefully for a day or 
two — preferably two — before the injection is given, in order 
to make sure that the daily excursion is within moderate 
limits. A ten)perature of lOO** F. is a contra-indication 
to the use of tuberculin, as not only does the existence 
of such a degree of fever render it diificult to ascertain 
the exact effect produced by the injection, but the condition 
of such febrile cases is sometimes depressed by the remedy. 
If the patient is suitable in the above respect, it is neces- 
sary to take into account also his general state of strength 
or weakness, in order that the dose of tuberculin may be 
modified accordingly. Delicate individuals receive for a 
first injection 1/10 of a milligramme, whereas those who 
appear to be in fair health may at once receive 1 mg. The 
injection is given beneath the skin of the back between the 
scapulae. The i-eaction may be expected in about twelve 
hours* time, and Koch prefers to give the injection in the 
afternoon. If no reaction takes place, a second dose of 
double the quantity first administered is given on the third 
day ; while if a very slight reaction, such as a rise of half 
a degree, occurs, the same dose as that which produced this 
effect is repeated. A much more marked rise of tempera- 
ture is often seen after this procedure. Koch regards this 
phenomenon (increased reaction on repetition of a small 
dose) as very characteristic of tuberculosis. If, however, 
no effect is produced by the small doses^ they may be 
increased to 5, and even to 10 milligrammes; and this final 
dose may be administered twice in order to make sure of 
the absence of a reaction. 

Tuberculin is generally supplied in small glass bottles 
containing 10 milligrammes in 1 cc. For use it may be 
diluted with a 25-per-cent. solution of glycerine, if small 
doses are needed. Thus to administer 1/10 mg. it may be 
diluted with 9 cc. of glycerine-solution and one-tenth of a 
cubic centimetre of the resulting fluid given hypodermi- 
cally. The position for the injection is immaterial. Slight 
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redness and oedema may occur at the point of injection, but 
this passes off without any ill effects. 

Trudeau gives the injection as late at night as pos- 
sible, so as to bring the reaction to a convenient time of 
day. He insists on the importance of using a fresh tuber- 
culin-solution, which he prepares with ^per-cent. carbolic- 
acid lotion ; it must not be more than three days old. He 
starts with a dose of 1 milligramme ; and if this produces 
no reaction, goes on to doses of 3 milligrammes, and then 
to 5 and 7. Ten milligrammes is probably the largest 
dose which should ever be administered for diagnosis. 
M. Beck begins with a dose of 1 mg. even in weakly 
persons. In children under five years of age he starts with 
3/10 mg., and goes on to a second dose of 1 milligramme, 
and then to one of 5 milligrammes. In children between 
five and ten he starts with 1/2 mg., and gives 5 as the 
maximum dose. 

Conclusions as to the Diagnostic Use of Tuber- 
culin. — Taking all the evidence at present available, the 
conclusion appears to be that there is no more danger in 
administering a diagnostic dose of tuberculin than in giving 
an anaesthetic for similar purposes. In no case should 
we adopt either means if it is possible to make a diagnosis 
otherwise ; but if the matter is one of urgency, we 
should not hesitate to make use of the drug. In doubtful 
cases of phthisis careful physical examination should be 
first made, and the sputum should be examined for tubercle- 
bacilli. If these methods do not clear up the nature of the 
case, we must consider from the point of view of the 
interests of the patient whether it is necessary to resort to 
an injection of tuberculin. In the majority of instances 
probably it is preferable to wait, the patient being mean- 
while put under the most favourable possible circumstances 
to combat the disease, if it be present. Open-air life and 
plentiful feeding will form suitable treatment for the 
majority of conditions which are liable to be conlused with 
tuberculosis. But there are a certain number of c^&^^ \xv 
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which the question of the presence or absence of tubercle is 
of such importance that any means of reaching certainty 
without further delay are to- be adopted. Such an instance 
might be seen in the case of a young man just starting in 
life, who had to decide on what profession or course of life 
he should adopt. It might be a question whether it was 
right for him to enter on an indoor life in a London office, 
or better that he should emigrate and lead an open-air 
existence in one of the colonies. Such a question might 
need an immediate answer, and an injection of tuberculin 
might here be not only permissible, but advisable. So, too, 
might it be in the case of a young woman belonging to a 
tubercular family, who had perhaps recently suffered from 
pleurisy, and who sought advice as to the propriety of 
marrying. But such cases will constitute the minority of 
those met with in practice. The test should not be used 
indiscriminately, merely for our own satisfaction. The 
danger run may be minimal, but for such a purpose we 
have no right to run any danger at all. It is not justifiable 
to begin with large doses of the drug. 

THERAPEUTIC USE OF TUBERCULIN. 

We have already mentioned that it was as a cure for 
consumption that tuberculin was first announced to the 
world, and that when the extravagant hopes thus raised 
were disappointed, the pendulum swung too far in the 
opposite direction, and the valuable properties of the pre- 
paration were overlooked. Some attempts were indeed 
made to maintain the value of tuberculin in the treatment 
of lupus ; but as a remedy in other kinds of tuberculosis it 
fell into entire disuse, and even for lupus it is now seldom 
applied. Yet there is little doubt that in some at least of 
the varieties of lupus very favourable results may be 
obtained by a proper use of tuberculin, while in pulmonary 
tuberculosis good effects are now once more claimed for 
this remedy. As we have already pointed out, the respec- 
tive actions of the old tuberculin and of the new (T. R.) 
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are quite different; hence they must be considered 
separately. 

Tuberculin in the Treatment of Lupus vulgaris.— 

Very good results were claimed in this disease from the use 
of the old tuberculin,^ when it was first introduced (1890). 
Koch 2 in his original paper writes as follows : " A few 
hours after the injection into the skin of the back ..... 
the lupus-spots begin to swell and redden ; and this they 
generally do before the initial rigor. During the fever, 
swelling and redness increase, and may finally reach a high 
degree, so that the lupus-tissue becomes brownish and 
necrotic in places. Where the lupus had been sharply defined, 
we sometimes found a much-swollen and brownish spot 
surrounded by a whitish edge about a centimetre wide, 
which again was surrounded by a broad band of bright red; 
After the subsidence of the fever, the swelling of the lupus- 
tissue decreases gradually, and disappears in about two or 
three days. The lupus-spots themselves are then covered 
by a crust of serum, which filters outwards and dries in the 
air ; they change to crusts, which fall off after two or three 
weeks, and which sometimes leave a clean cicatrix behind 
after one injection. Generally, how^ever, several injections 
are required for the complete removal of the lupus-tissue. 
.... There is no question of the destruction of the 
tubercle-bacilli in the tissues ; it is only the tissue enclosing 
the tubercle-bacilli which is affected by the remedy." 

When tuberculin was first introduced to the medical 
profession, very striking results were recorded by many 
observers from its use in cases of lupus. Thus Saundby, 
Simon, and Gilbert ^ in a communication to the Birmingham 
Medical Review, though speaking cautiously of the results 
achieved by the use of the remedy, yet allude to remarkable 
improvement as taking place in this disease ; and Heron, at 

^ Old tuberculin for human use may be obtained from Messrs. 
Allen & Hanbury, or from the Lister Institute of Preventive 
Medicine, in bottles of 5 cc. (58.). 

2 Beut med. Woch , 1890, Brit. Med. Jonrn., 1890;' ii., 1,193. 
£rit. Med. Journ., Epitome, Dec. 20, 1890, p. 92. 
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the Medical Society of London, stated that this was so 
marked that tuberculin would soon be regarded as an essen- 
tial in the treatment of lupus. Barling ^ recorded fourteen 
cases of lupus treated by this means, of which four were 
very much improved, eight considerably so, two slightly 
benefited. Soon, however, less favourable reports began 
to come to hand. It was found that though the first effects 
were encouraging, relapses were very liable to occur. Rad- 
cliffe Crocker pronounced the remedy disappointing on the 
whole, and this verdict was generally accepted. Conse- 
quently tuberculin fell into disuse among the body of the 
profession as a method of treating lupus. 

A few cases are, however, still recorded from time to time 
in which good results are obtained from the use of the old 
tuberculin. As an example, we may quote the salient facts 
of a case reported by E. F. Maynard,^ which illustrates 
the use of the remedy. The patient was a cook, aged forty^ 
who had suffered from lupus of the nose for some time, and 
had been treated for the past three years by scraping and 
cautery (acid nitrate of mercury, fuming nitric acid, &c.) 
without permanent benefit. The disease was advancing, and 
had involved the septum nasi. " Old tuberculin " was 
administered, beginning with doses of O'OOl cc. injected 
into the arm. The site of injection became red, swollen 
and painful, and the temperature rose from 99*8° F. to 
102*4° F. There ensued headache, nausea, and feeling of 
illness, and the nose became painful, red, and swollen. The 
doses were increased gradually. After 0*005 ca had been 
reached there was no further reaction till 0*007 cc. was 
given. Then again no reaction occurred till a dose of 
0*03 cc. was reached. After 09 cc. had been administered, 
no further reaction was seen, though 0*1 cc. was given 
several times over. The disease healed up entirely, and no 
relapse had occurred seventeen months afterwards. 

^ Quoted in Brit. Med. Journ.y Leading Article, April 25, 
1891, p. 922. 

2 Brit. Med. Journ., 1900, Vol. ii., p. 1,777. 
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In the above case the treatment by tuberculin alone, 
without the adoption of any other measure seems to have 
effected a cure. The majority, however, of those who are 
in favour of the use of tuberculin recommend that it should 
be employed along with surgical measures, such as scrap- 
ing. In some instances it has been combined with the 
administration of thyroid extract, apparently ^ith good 
results. Malcolm Morris ^ considers that it is a valuable 
mode of preparation for a course of other treatment. 

On the introduction of the Tiew tuberculin (T. R.) 2 it 
was tried in lupus by a number of observers. Thus 
Bussenius ^ reported three out of four cases improved, and 
Worner* four patients all benefited, especially two who 
suffered from lupus hypertrophicus. Doutrelepont ^ treated 
fifteen cases, with improvement in all, and van Horn ^ ten 
with equally good results. Cases were also shown at the 
Dermatological Society of London by Malcolm Morris and 
R. Crocker, in which the remedy had seemed to be of use. 

Adrian 7 gives a detailed account of his treatment of 
twelve cases, of which eight were apparently cured, and four 
did not entirely yield to the remedy. The table on page 254 
is taken from one of his articles, the results being added 
in a separate column. 

The rise of temperature following the injections was 
generally marked ; and sometimes a rigor occurred. The head- 
ache and general feeling of illness were parallel to the rise 
of temperature. The latter was more often met with after 
use of some particular specimens of tuberculin, and wajs 
more marked in some patients than in others. It was found 
that, if one dose had produced too great a reaction, it was 
necessary to reduce the amount used to a figure very much 

1 " Diseases of the Skin,'» 1903, p. 446. 

* The new tuberculin may be obtained from Messrs. Meister, 
Lucius, & Briining (phials of 1 cc, 8s. 6d.). 
8 Beut. med, Woch., 1897, No. 28, p. 441. 

4 Ibid., No. 30, p. 476. 

5 Ibid., No. 37, p. 537. « Ibid., No. 39, p. 625. 
7 Arch. f. Derm. u. Syph., 1898, Bd. 45, p. 97. 
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lower, even to a point below that at which no reaction 
had previously been met with. Transitory febiile albu- 
minuria was not uncommon, and in one case severe albu- 
minuria occurred. Hyaline casts were sometimes found in 
the urine. In no instance did a local abscess ensue at the 
site of injection, nor was there urticaria, herpes, or enlarge- 
ment of glands. No local reaction is seen at the site of the 
lupic lesions when the new tuberculin is employed — a con- 
trast with the old tuberculin. 



Case. 
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49 
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In spite of these apparently good results Adrian is not 
very favoui-able to the use of tuberculin (T. R.). It is 
exceedingly expensive, which is undoubtedly a drawback to 
its use. Adrian used altogether 188 cc. of the fluid in a 
total of 578 injections, the cost being 1,598 marks, or, 
approximately, i£80. He recommends the employment of 
surgical measures as well as the tuberculin, and does not 
consider the new preparation any better than the old. 

Mayer ^ practically agrees with this verdict, holding 
that tuberculin may do good in lupus, but that it is not 
superior to ordinary measures ; while Bussenius and 



Arch. f. Derm. u. Syph., Bd. 42, 1898, p. 267. 
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Oossmann ^ report that no constant improvement occurs in 
all cases. " It cannot be denied," they write, " that Koch's 
T.R., injected in accordance with Koch's directions, may 
have a good effect on a focus of lupus ; yet our failures and 
the negative results recorded by others show that such a 
favourable result is not an absolute certainty." On the 
other hand, Brocchieri ^ considers that the new tuberculin 
is superior to the old in the treatment of lupus, and may 
succeed where the latter has failed. He thinks that the. 
spread of the disease is prevented by its employment. The 
duration of treatment should not be less than one year. 

On theoretical grounds it would seem reasonable to 
make use of the two forms of tuberculin in conjunction, 
using the old preparation until the necrotic tissues are 
thrown off, and then administering the new tuberculin in 
order to produce immunity, and thus prevent subsequent 
relapse and spread of the disease. 

Tuberculin in Tubercular Larjmgitis.— Very 

much the same results were obtained by the use of the old 
tuberculin in laryngeal phthisis, as in the case of lupus. 
Good effects were at first reported, as by Struebing,'^ who 
records a case in which great benefit ensued as the result of 
this treatment. There was at first a period in which there 
were increased hoarseness and pain in the throat — effects 
of the local reaction. After nine injections the surface 
of the lesions looked cleaner and healthier, final cicatrisation 
being produced after 43 doses of the remedy. The ulceration 
ultimately seemed to be entirely cured. Lennox Brown ^ 
reported Gerhardt's results in 19 cases, 17 of which were 
much improved, only two failing to receive any benefit. 
Senator^ also reported marked improvement in cases 
which he had treated. The same doubt, however, as to the 

^ " Das Tuberculin T.R. und sein Wirkung," Berlin : Hirschwald, 
1898. Cf. Bussenius, Beut. med. Woch.y 1897, No. 28, p. 441. 

2 Jl PolicUnico, 1898, No. 21, p. 489. 

3 Deut. med, Woch., Oct. 8, 1891. 

* Brit. Mtfd. Journ., 1890, II., p. 1485. 
» £erl. klin, Woch., Dec. 10, 1890. 
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permanence of the good effects produced by tuberculin 
exists in this disease as in lupus, and it is not now 
often employed. 

Little seems to be known of the use of new tuberculin in 
this disease, though Hersfeld ^ has recorded seven cases in 
which he made use of it. He notes that the solutions keep 
badly, and that a glycerine solution is more painful to the 
patient than a saline solution. 

Tuberculin in Disease of Bones and Joints.— 

The old tuberculin produces phenomena of swelling and 
redness around tuberculous joints, just as it does around 
patches of lupus. Koch ^ reported as follows in his 
original paper : — " Glandular, bone-, and joint-tuberculosis 
were similarly treated, large doses at intervals being 
employed. The result was the same as in the lupus-cases — a 
speedy cure in recent and slight cases, slow improvement in 
severe cases." In spite of encouraging results recorded by 
some authors at first, the general verdict was ultimately 
unfavourable to the use of tuberculin in these cases, most 
observers apparently agreeing with Edmund Owen that the 
final results gained were no better than could be produced 
by rest alone. It seems, however, not impossible that as 
the remedy is tried once more with less enthusiasm and 
more knowledge, it will be found to be of assistance in a 
certain number of cases of bone- and joint-disease, especially 
if used in conjunction with rest and surgical measures. 

Of the new tuberculin^ Adrian ^ reports that it has no 
effect on disease of bone or glands. On general grounds it 
seems unlikely that, if it raises the general resisting-power 
of the body, it should have no effect on these special 
forms of the disease. No doubt it is difficult to ascertain 
the exact amount of improvement produced by it, as it has 
no local effect of a visible kind. Theoretically it would 
seem that the new rather than the old tuberculin should be 
tried in these cases, as they are deeply-seated, and there is 

1 Deut. med. Woch., 1897, Aug. 19, p. 543. 
'^ Loc. 8up. cit. 3 Op. cit. 
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no means of escape for the necrotic materia], if it be cast off 
as a result of treatment with old tuberculin. 

Tuberculin in Pulmonary Tuberculosis. - In 

the treatment of tubercular disease of the lung, the original 
tuberculin has obvious drawbacks. It causes reaction of 
the tissues round the lesions, and consequent casting-off of 
diseased material. In a deeply-situated organ such as the 
lung, the cast-off matter cannot be readily expelled, and 
danger may ensue. Hence in pulmonary dise^ise it would 
seem preferable to employ the netv tuberculin ; but both 
varieties have been used, and the writers do not always 
distinguish between them. Hence they must be considered 
together. 

In a communication to the South California Medical 
Society, Pottenger i gives the results of his own experience, 
along with much information gained in answer to questions 
addressed to some of the principal authorities on the treat- 
ment of tuberculosis as to their experiences with this 
remedy. He finds that of those who have actually used 
tuberculin 60 per cent, are in favour of it as a means of 
treatment. Those who recommended the procedure based 
their advice on as many as 5,742 cases treated,whereas those 
who were of the opposite view had only a material of 813 
cases to rely upon ; indeed, only four of those who denied 
the value of the drug had at all an extensive experience of 
its use. This is, of course, only what might be expected, as 
those who found that they were getting no good results 
would cease using the tuberculin, while those who found it 
of value would persevere. It is noteworthy that of the four 
who had tried it extensively and yet reported unfavourably 
on the whole, not one was actually opposed to its use, and 
all had apparently seen some cases at least in which good 
had been done. 

In the majority of instances those who had abandoned 
tuberculin-treatment had not at any time given it an 

1 Therapeutic Gazette, 1903, p. 163. The references to the other 
authors quoted below are taken from this article. 

R 
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extended trial. On the other hand, Petrushky maintained 
at the Berlin Congress that, in order to produce lasting 
effects, the treatment should extend over several years, a 
course of a few months being taken each year. 

Coming to actual results claimed for treatment with 
tuberculin in addition to ordinary measures, we find that, 
in addition to his own success, Pottenger quotes ^\e other 
physicians who claim to have cured 100 per cent, of those 
cases which cmae under treatment with tuberculin in the 
earliest stage of the disease (Jessen, Turban, Wilkinson, 
Klebs, Petrushky). Von Ruck claims 93 per cent., Trudeaa 
83 per cent., and Rembold 75 per cent, of cures in similar 
cases. In all, 589 cases treated with tuberculin come under 
consideration, with a proportion of cures equivalent to 84*2 
per cent. On the other hand, among 611 collected cases 
which were treated in the ordinary way without the aid 
of " culture-products," 391, or 64 per cent., were regarded 
as cured. 

The results obtained by individuals with and without 
tuberculin, as quoted by the same writer, are of considerable 
interest. Trudeau, in his first report on the remedy, 
recorded 24 cases treated with tuberculin, with a per- 
centage of cures of 83. Among 113 cases treated without 
it he cured 72 per cent., giving a difference of 11 per cent, 
in favour of the remedy. More recently he gives the results 
of 94 cases, 47 treated with, and the same number without, 
tuberculin ; of the former group 41 were cured, of the latter 
36 — again a small difference in favour of Koch's pre- 
paration. 

Turban gives details of his results in cases which came 
under treatment in the first, second, and third stage ^ of the 

^ For purposes of classification in statistics of sanatoria, &c., pul- 
monary tuberculosis is divided into three stages. Different authoriti^ 
have devised slightly different methods of classification. That of 
Turban, which may be taken as typical, is into — First stage: 
Cases in which only one lobe is affected, or only portions of two lobes 
equivalent to one lobe in extent. Second stage: Cases in which 
two lobes are extensively involved. Third stage : Cases in which 
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disease respectively. Taking the last first ; he found that, 
whereas the mortality in cases treated without tuberculin 
was 50 per cent, within a period of two years, among those 
treated with tuberculin only 25 per cent, died within the 
same time-limit. He did not find that tuberculin had any 
tendency to induce attacks of haemorrhage in these cases, 
nor did it ever give rise to a generalised tuberculosis. 
Tubercle-bacilli disappeared from the sputum in four cases 
oift of 21 in which tuberculin was used. Of course, a real 
cure was not to be hoped for in patients coming for treat- 
ment at so advanced a stage of the disease. 

Of 48 patients in the second stage of the disease, treated 
with tuberculin, 36 were alive four years afterwards, 
whereas of 152 who did not receive injections 107 survived 
for the same length of time. The figures do not themselves 
prove much in favour of tuberculin, but Turban considers 
that the actual condition of the various patients afforded 
strong evidence of its value. Of cases which came under 
treatment in the first stage of the malady, Turban, as 
already stated, claims 100 per cent, of cures. In all the 
cases in this stage of the malady in which tubercle-bacilli 
were at first found in the sputum, they disappeared under 
treatment. Taking this last as a test of the value of tuber- 
culin, he shows that of a total of 86 cases so treated, 45 
(52 per cent.) were permanently freed from the organisms, 
whereas of 241 patients not so treated, 95 (39 per cent.) 
only were similarly benefited. 

Denys has made trial of tuberculin alone, without the 
aid of other remedial measures, such as rest, open air, and 
medicines. 'He claims to have cured in this way 29 per 

the disease is still further advanced. It will be seen that this classifi- 
cation is purely arbitrary, and merely affords a rough indication of 
the severity of individual cases. It does not correspond at all with 
the well-known pathological division into (1) Stage of tubercular 
deposit ; (2) Consolidation ; (3) Excavation or cavity -formation. It is 
practically impossible to ascertain with any exactitude the extent of 
the pathological changes in the lung from a study of the physical signs ; 
the pathological classification is therefore not available for practical 
use. 
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cent, of his cases (174), and greatly beneBted another 42 
per cent. As was previously pointed out, there is no reason, 
except for purely experimental purposes, to suspend ordinary 
hygienic measures during the administration of tuberculin ; 
in order to produce the maximum of advantage to the 
patient they should be combined. 

Wurtzen^ records good results obtained in ten cases 
with the old tuberculin^ given according to the rules 
advised by Goetsch,^ viz. never to inject febrile patients ; 
never to increase the dose till the previous amount can be 
tolerated without reaction ; and to insist on rest in bed on 
the day of treatment and the following day. 

There is no doubt of the fact that immunitj' to tuber- 
cular infection can be produced in animals by injections of 
tuberculin. Of its action on human beings it is possible to 
obtain sorae distinct proof by the increased power of 
agglutinating the Bacillus tuberculosis, seen in the blood- 
serum of such patients (see below, p. 266). It is not, indeed, 
certain that the immunity of the individual is directly propor- 
tionate to this agglutinating power, but there is e^ddence to 
show that the two properties are closely allied. It seems, 
however, that as a result of injections of tuberculin an indi- 
vidual may acquire a tolerance of this drug, without an 
accom[)anying immunity to tuberculosis. 

Method of Administration of Tuberculin for 

Therapeutic Purposes. — Koch advised, for the treatment 
of phthisis with the old tuberculin, that the initial dose 
should be 001 cc, and that this should be repeated till no 
reaction followed its use. Then the dose should be raised 
to 000 -2 cc. and so on, rising to 0*01 cc., <fec. In strong 
individuals it might be possible to raise the doses more 
quickly. In lupus the first doses might he larger, 0*01 cc., 
gradually raised. 

With the new tuberculin (T.R.) the initial dose should 
be 1/500 mg. in fairly strong persons; in very weakly sub- 

1 Tuberculosis Bull. Mens., Feb., 1904, p. 53. 

2 Deut. med. Woch., June 20, 1901. 
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jects it is well to start with 1,1000 mg. The dose is to be 
repeated every other day, increasing at such a rate as to 
avoid reaction as far as possible ; the amount may usually 
be doubled each time.^ 

^ The following directions are issued by the makers with the 
bottles of tuberculin : — 

The New Tuberculin is supplied in liquid condition. It is an 
opalescent liquid similar in appearance to the mixture of five or six 
drops of milk with half an ounce of water. It must be kept in a cool, 
dark, and dry store. Tbe solution contains 10 milligrammes of solid 
substance in each cubic centimetre. 

The treatment is generally commenced with l/500th of a milli- 
granmae of solid substance. If a rei^ction appears, the dose must be 
still further reduced. 

For dilution of the liquid 20 per cent, glycerine solution should be 
employed. The dilutions are preferably made in the following 
manner : 

1. With a 1 cc. pipette, calibrated , to 1/lOth, 03 cc. is withdrawn 
from the bottle, and mixed with 2-7 cc. 20 per cent, glycerine 
solution, making in all 3 cc. This 10 per cent, dilution con- 
tains three milligrammes solid substance. 

2. From this 10 per cent, dilution 0*1 cc. is taken and made up to 
10 cc. with glycerine solution. Thus a 1 per miUe dilution of 
the original fluid is obtained. Two divisions or 2/1 0th cc. of a 
Koch or Pravaz syringe of this dilution therefore contains 
l/500th of a milligramme of solid substance. 

Instruments and pipettes must, before use, be sterilised with abso- 
lute alcohol and ether, and then rinsed out with sterilised glycerine 
solution, in order to remove every trace of alcohol and ether. 

(N.B. The 20 per cent, glycerine solution is prepared by boiling 
20 cc. pure glycerin with 80 cc. distilled water lor 15 minutes, and 
then cooling thoroughly before use.) 

Dilutions which present a turbid appearance, or show a deposit 
which does not dissolve upon shaking, must not be employed. Gene- 
rally the dilutions keep well for a fortnight in a cool and dark place. 

The injections are made subcutaneously about every second day, 
the dose beinj? raised so gradually that a rise in temperature of more 
than half a degree is as far as possible avoided. Any febrile symptom 
caused by the injection must have entirely disappeared before a fresh 
injection is made. With doses of 5 milligrammes solid substance and 
upwards it is not advisable to make moro than two injections within 
the week, and with still larger doses not more than one. The indivi- 
duality of the patient has generally to bo taken into account. 

As a rule the dose is increased to 20 milligrammes solid substance, 
and if no reaction follows the injection of this dose, the treatment is 
discontinued or only repeated at long intervals. 

For injection, those parts of the body should be selected at which 
large folds of skin may be raised. The local reaction that not infre- 
quently appears in the locality of the injection generally disappears 
within 24 hours, and must be taken into account in increasing the 
dose. 
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Doutrelepont,! who tried this metliod, came to the con- 
clusion that this rate of increase was too rapid. He advises 
that 1 500 mg. should be used for the firsl dose, 2 500 for the 
second, 3 500 for the third, and so on, up to 1/50 mg Then 
the dose is to be increased by 1/50 each time up to 1 mg. The 
dose should not be repeated till the temperature has fallen to 
normal after the previous reaction, and the largest dose 
used by Doutrelepont was 4 mg. The fresher the serum 
the more likely is the occurrence of a marked reaction. 

Moeller and Kaiserling 2 state that either the old or the 
new tuberculin may be used for purposes of treatment. They 
advise starting with 0*1 milligramme of the old preparation, 
and gradually increasing the amount. The injections are 
to be given daily, and an amount of 10 mg. is reached by 
the end of a month. They claim good results from this 
treatment. If the new tuberculin is used it is necessary to 
proceed rather more cautiously, raising the dose as the 
body- weight rises. Rosenberger ^ gives 1/500 mg. of the 
new tuberculin to start with. The administration is 
followed by little febrile disturbance, but there may be 
some headache and sleeplessness. The appetite is increased 
by the treatment. The dose is gradually raised till 1 mg. 
is reached ; then the old tuberculin is begun, the initial 
dose of the latter being 110 mg. 

TUBERCULOCIDIN AND ANTIPHTHISIN. 

It has been suggested that in the process of preparing 
tuberculin usually adopted some of the constituents of the 
bacterial culture which are volatile are driven off by the 
heat. Tulxjrculin also contains some ingredients which are 
harmful rather than curative in nature. Klebs has there- 
fore produced modifications of tuberculin, prepared without 
heating, to which he has given the names of "tuberculocidin" 

1 Dent. med. Woch., Aug. 19, 1897, p. 537. 

2 Zeitschr. f. Ttiherk. u. Heihtattenw.^ Bd. iii., p. 279. 
i 3 Zentralbl. f. inn. Med., 1903, No. 19, p. 4(J5. 
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and ** antiphthisin." The method of manufacturing^ the 
former is complicated, consisting in frequent precipitation, 
and solution of the precipitate, by alcohol and other reagents. "" 
Tuberculocidin is said to kill the bacilli when it is added to 
a culture of them in vitro, 

Klebs claims good results from the use of his preparation, 
and a large amount of antiphthisin is said to be used in 
America. The therapeutic dose of tuberculocidin is 1 centi- 
gramme to start with, the fluid as sold being diluted 
before use (1 : 10). Antiphthisin is more concentrated, and 
half the quantity is administered. 

Tuberculocidin may also be administered by the mouth, 
and is said to act as well or even better by this channel. 
It may be applied locally to tubercular lesions, and forms 
an efficient dressing for ocular ulcers, tuberculides, &c. 
Disease of bones and joints also improves under treatment 
with this remedy ; in cases of tubercular hip-disease it 
should be injected in the neighbourhood of the joint.^ 
Tuberculocidin is said to have a favourable influence in 
cases of genito-urinary tuberculosis.^ 

Jessen * states that the remedy is not free from danger. 
He gives doses of 20-25 drops, finding that larger doses may 
produce a reaction like that seen with the old tuberculin. 
He reports good effects from the use of tuberculocidin in 
phthisis — fall of temperature, diminution in the amount of 
sputum, and feeling of improvement. All his cases in the 
first stage of the disease showed improvement (100 per 
cent.), and 54 per cent, of those in the second stage. 
Jessen thinks the remedy worthy of further trial. 

There does not seem to be sufficient evidence available 
as to the curative effects of these preparations. Klebs 
claims 60 per cent, of cures among his cases, which does 
not seem a startling figure. 

^ For details of the mode of preparatioD, &c., see Klebs' "Die 
Causale Behandlung der Tuberculose,'' Hamburg u. Leipsig, 1894. 

2 Klebs, Miinch. med. Woch., Dec. 4, 1904, p. 1,688. 

* Kruger, Centralbl. f, Krank.der Ham. u. Sexual-Organef Bd.xiv.^ 
Hft. 6, p. 299. -* Centralhlf. inn, Med., 1902, No. 23, p. 585. 
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BERANECK'S TUBERCULIN. 

Beraneck ^ has prepared a form of tuberculin which 
he considers to be less toxic than Koch's. He obtains a 
toxine (basitoodn, B.T.) by growing the bacilli in veal-broth, 
rendered slightly alkaline with calcium-hydrate, at a tem- 
perature of 37-38" C, and evaporating the fluid in vacuo 
without heating. This is mixed with an equal quantity of 
a second toxine [acidotoxin^ A.T.) extracted from the 
bodies of the bacilli. The preparation is not yet on the 
market, and statistics as to results obtained by its use 
are consequently not available. 

EMULSION OF BACILLI. 

Koch ^ has recently again modified his procedure in the 
matter of inoculation in tuberculosis, and uses now, instead 
of the toxines of the bacilli or an extract of their body- 
substance, the actual bacilli themselves. Powdered tubercle- 
bacilli are suspended in 50-per-cent. solution of glycerine, 
and the fluid is allowed to stand till all particles of any 
appreciable size have sunk to the bottom. The supernatant 
emulsion ^ is poured off*, and is ready for use. The quantities 
are adjusted so that 1 cubic centimetre of the fluid contains 
5 milligrammes of powdered bacilli. For use it is diluted 
with normal solution of sodium chloride. Koch starts with 
subcutaneous injections calculated to contain 0025 mg. of 
the solid material. He repeats the dose every two days or 
so, raising the quantity administered each time to twice, or 
even five times, the amount of the previous dose. No 
reaction occurs as a rule with the first small doses. It may 
occur as the dose is raised, and when it is observed the 
intervals between the injections must be prolonged (eight 
days or so). 

The agglutinative power of the serum in patients so 
treated rises rapidly in the great majority of instances. In 

* See Brit. Med. Journ.y 1904, i., p. 735. 
'^ Deut. med. Woeh., Nov. 25, 1901. 

3 The emulsion may be obtained from ^^lessrii. Meister, Lucius, k 
Bi-iining (1 cc, Is. 3d.). 
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a minority it remains stationary, or may even sink. In 
such cases Koch gives intravenous injections of a fluid 
corresponding with his earlier T.O. (see p. 240), but only 
very small doses can be administered in this way. Koch 
considers, however, that the intravenous method has great 
advantages, and since introducing it he has in many cases 
started with the subcutaneous mode of injection and had 
recourse to the intravenous method afterwards, as soon as a 
reaction occurred with the former. 

Koch finds that with this treatment the patients gain 
appetite and weight. Night-sweats cease, moist sounds 
disappear from the lungs, and the amount of sputum is 
reduced. The presence of fever is not a contra-indication 
to this treatment ; indeed, pyrexia is reduced by it. 

Gteneral Considerations on the Therapeutic Effects 

of Tuberculin. — There can be little doubt that the want 
of success which was met with by the majority of those .who 
used tuberculin, when it was first introduced to the medical 
world, was due to ignorance of the nature of the remedy, 
and of the eflects which could be rightly expected of it. 
Tuberculin has not — and was never supposed by its inventor 
to have — any power of replacing tissue already destroyed 
by the disease ; nor can it do anything to check the action 
of other bacteria, such as streptococci or staphylococci, 
which may have secondarily invaded the cavities in the 
lungs or other ulcerated lesions. We thus see that, just as 
in serum-treatment it is important to administer the 
dose of antitoxine before the poisons of the bacteria have 
gained too long a start and entered into combination with 
the cells, so it is equally necessary to make use of tuberculin 
(if at all) in the early stages of tubercular disease, before 
the substance of the affected organ has been so extensively 
destroyed as permanently to cripple the infected individual 
by the loss of an important structure. It is therefore in 
incipient tuberculosis that we must look for the most 
marked results from the administration of tuberculin. 
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In later cases it may, indeed, be of assistance in increasing 
the resistance of the lK)dy to the tubercle-bacilli, but 
permanent lesions will necessarily remain, and no cure in 
the truest sense can be hoped for. 

A further reason for the original failure of tuberculin 
to come up to the expectations formed of it, was that 
reliance was placed upon it, alone and unaided, to ac- 
complish the cure of tubercular disease. Its value is now 
recognised as an adjuvant to other remedial measures, not 
as a specific curative agent, such as, for example, mercury 
is for syphilis, or quinine for malaria. Great advances 
have been made in our knowledge of the nature of tubercu- 
losis, especially in the recognition of the value of a plentiful 
supply of nourishment, and of fresh, unbreathed air for 
the lungs. These hygienic measures are not to be neg- 
lected during the employment of tuberculin. Used ration- 
ally in the light of modem experience, tuberculin shows 
some evidence of once more coming into favour as a 
valuable remedy. 

AGGLUTINATION OF B. TUBERCULOSIS. 

Agglutination-Test for Tuberculosis.— It is found 

that the blood of a patient suffering from tuberculosis 
has the power of causing a clumping of tubercle-bacilli, 
in the same way as that of a typhoid patient agglu- 
tinates the B. typhosus. Use was made of this property 
by Arloing and Courmont ^ as a means of recognising the 
presence of tuberculosis. 

Preparation of the Bacilli. — In the case of the 

tubercle-bacillus, a preliminary difficulty arises, which is 
not found in working with the B. typhosus, in that the 
former organism, when grown in the laboi'atory on ordinary 
culture-media, occurs in masses which are already closely 
agglutinated. It is necessary, therefore, for the purpose of 
the test, to prepare the bacilli in some special way so that 
they are separated one from another. This was first 

1 Gaz. des Hop., 1900, p. 1,467. 
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accomplished by Arloing ^ by the following method of pro- 
cedure : — Suitable potatoes are taken and boiled, and slices 
of them are put into the usual laboratory potato-tubes. At 
the bottom of the latter is placed a small quantity of a 6- 
per-cent. solution of glycerine in water, so that the fluid 
just touches the lower part of the potato. The tubes thus 
prepared are sterilised for forty-five minutes in the auto- 
clave. The surfaces of the slices of potato are then inocu- 
lated with tubercle-bacilli derived from a human source, 
and the cultures are incubated at a temperature of 38" 
to 39" C. On every second day the tubes are tipped up, so 
that by the inclination of the tube the glycerine-solution is 
caused to flow over the cultures on the surface of the potato. 
Growth occurs rapidly under these circumstances, the 
resulting masses of organisms being different from the 
ordinary cultures on glycerine-agar in that they are soft in 
consistency, and easily broken up by the application of a glass 
rod, or by rubbing in a mortar. From these cultures sub- 
cultures are made in glycerinated veal-broth (1 per cent, 
peptone, and 6 per cent, glycerine). These are submitted 
to daily shaking to keep the organisms separate one from 
another. Even in these cultures it is impossible to prevent 
a certain amount of clump-formation, but the majority of 
the organisms present are separate, and the fluid is turbid 
and fairly homogeneous, with but little sediment. 

It is interesting to note that, grown under the conditions 
indicated, the bacilli are described as motile, some writers 
even attributing to them a degree of motility equal to that 
of the Bacillus typhosus. Branching forms are also met 
with. Koch at one time doubted the identity of the bacilli 
described by Arloing and Courmont with his own bacilli. 

Some writers advise that, before they are used for the 
agglutination-test, the organisms should be transferred 
through a series of broth-cultures, holding that they thus 
become more motile, are better separated, and grow more 

1 Comptea Rend, de VAcad. des Sciences^ 1898, Vol. cxxvi., p. 1,319. 
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rapidly. Loeb^ does not recommend this procedure, as 
he has found that it is impossible to grow the bacilli beyond 
the fourth generation. This observer has failed to discover 
active movement in the bacilli, though the usual Brownian 
movement may be seen. 

The broth- culture should be grown for a period of from 
nine to fifteen days, and then used for the test. Before the 
eighth day there are not enough bacilli present, while after 
the fifteenth, s|)ontaneous agglutination may take place, and 
the reaction with serum is often lessened at this time. The 
test-fluid can be preserved in a condition fit for use by 
keeping it in ice, or by the addition of a minute quantity of 
some antiseptic, e.g. formalin (1 : 400), or carbolic acid : 
both methods may be combined. Some such mode of 
preservation is necessary, as the labour of making a separate 
culture for every experiment would be enormous. 

Mode of Performing the Test.— The mode of apply- 
ing the test is as follows : — Clear blood-serum or inflam- 
matory fluid from a patient suspected of tuberculosis is 
added in varying proportions to a series of tubes of the 
suspended bacilli. The tubes are placed in an incubator 
for a period of 2-6 hours, inclined at an angle of 45 degrees. 
If they are allowed to remain for a longer period, for 
instance 24 hours, as was at first recommended, normal 
serum may give rise to a certain amount of agglutination. 
If the reaction be positive, the serum gradually appears less 
opaque, a flocculent precipitate falling to the bottom. This 
is visible with the unaided eye, on examination in a bright 
light against a dark background. A control experiment 
should be made, for purpose of comparison, with normal 
serum. Microscopically, it will be seen that the bacilli are 
clumped as in the "Widal test" for enteric fever. The 
test in tuberculosis is not, however, so well marked as in 
the former disease. Errors may occur owing to the presence 
of small fibrinous coagula, especially when inflammatory 
ixudates are employed for the test. It is necessary to 

^ Journ, of the American Med. Assoc, May 23, 1903, p. 1,423, &c. 
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make certain by means of the microscope that any apparent 
clumps are in reality formed of bacilli. Staining reagents 
may be needed to decide in cases of doubt. It must be 
borne in mind that a certain proportion of clumped bacilli 
may occur in the cultures, however carefully they are 
prepared : hence arises the importance of invariably making 
use of a control experiment. 

Simplification of the Procedure.— The process 

adopted by Arloing and Courmont is very long and tedious, 
and modifications have been suggested for the purpose of 
simplifying it. Thus Romberg prepared a suspension of the 
bacilli by macerating dried tubercle-bacilli with a 1 -S-per- 
cent. solution of caustic soda, and then neutralising with 
acetic acid. Koch i has recently described a still simpler 
method. He takes an ordinary culture and dries it by 
pressure between pieces of blotting-paper. A known 
quantity is then weighed out and rubbed up in a mortar with 
a weak solution of caustic soda. Instead of this a culture 
may be dried and triturated in a mortar to a fine powder. 
A weighed quantity of the powder (0*1 gr.) is macerated 
with saline solution, added in quantities of a few drops at a 
time, till the solid culture is diluted to 1 : 100. The solid 
residue is then separated by the centrifuge, and the super- 
natant fluid is decanted and diluted with a fresh amount of 
salt-solution, to which a small amount of carbolic acid is 
added, till the dilution reaches 1 : 1,000. This fluid can 
be kept without alteration owing to the presence of the 
carbolic acid. For use it is again diluted to 1 : 10,000, 
but this last dilution seems unnecessary and almost dis- 
advantageous. ^ If a strongly-clumping serum is added to 
the fluid in proportions of 1 : 10 or 1 : 25, agglutination 
rapidly occurs. This is aided by a moderate degree of 
warmth, as by holding the test-tube in the hand. The 
reaction takes place much more quickly in the stronger 

1 Deut, fned. Woch., Nov. 28, 1901. 

2 Powdered bacilli ready prepared for the agglutination-test may 
be obtained from Messrs. Meister, Lucius, & Briining (0*1 grm., 58.). 
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fluid (1 : 1,000) than in the extreme dilution. The time- 
limit recommended by Koch is 15 to 20 hours. A good 
plan is to put the tubes in the incubator over night, and to 
examine them in the morning. Koch employs dilutions of 
serum of 1 : 10, 1 : 25, 1 : 75, 1 : 100, and so on, in a series 
of tubes. The serum is first poured into the test-tube and 
the fluid containing the bacilli is added, and the mixture is 
shaken up. A control test is always necessary. 

Koch^ advises removal of the serum needed by means of 
a cupping-glass, while Arloing and Courmont draw blood 
from a vein and remove the corpuscles by the centrifuge. 

Agglutinative Powers in Animals.— The eflfects of 

the serum of various animals in agglutinating the B. tuber- 
culosis are found to be somewhat inconstant. Thus Arloiug 
and Courmont found that rabbits' blood was always negative, 
while Koch found among 30 rabbits two of which the serum 
always agglutinated in dilutions of 1 : 25, and two at 1 : 10. 
Calves' serum is negative, while adult cattle give a reaction 
in dilutions of 1:5. Dogs' serum reacts in dilutions of 
1 : 5 to 1 : 20. Rabbits, which are the subjects of tubercu- 
losis, react at 1 : 20, tuberculous dogs at 1 : 300 or even 
1 : 1,000. Of ten horses which were examined, all reacted 
at 1 : 25, and two at 1 : 50. 

Attempts to increase the agglutinative power of 
various animals by artificial means proved successful in a 
great number of instances. Injections were administered 
first of dead and then of living tubercle-bacilli, both 
hypodermically and directly into a vein. By this means 
rabbits, which are immunised with difficulty, were caused 
to supply a serum which reacted in dilutions of 1 : 100 to 
1 : 400. Cattle only reached a point of 1 : 50. Horses 
gained an agglutinative power of 1 : 200. The animal in 
which the highest agglutinative reaction was obtained was 
the goat, in which a serum was in several instances obtained 
which reacted in dilutions of 1 : 1,000, while in one case a 
reaction was given in a dilution of 1 : 1500. Donkeys 

1 Deut. med. Woch,^ Nov. 28, 1901. 
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were also good subjects for the production of agglutinative 
powers. The increased agglutinative faculty takes some 
days to manifest itself. It is greatest in from 7 to 10 days, 
and then gradually falls. The serum which has the power 
of agglutination also possesses an antitoxic power. Koch 
considers that the two properties are related to one another, 
and that the agglutinative power is a measure of the degree 
of immunity against the bacilli possessed by the animal. 

. Agglutinative Power in Human Beings. — In 

human beings it is found that the serum of those who are 
not suffering from tuberculosis may at times possess an 
agglutinative power. Infants and young children do not 
seem to give a reaction, but adults may do so. Thus of 30 
non-tuberculous persons five gave a reaction in dilutions of 
1 : 25, one at 1 : 50. In one case a subsequent post-mortem 
examination proved the absence of tubercular infection. 
Of 78 phthisical cases only 14 gave a positive reaction in 
dilutions of 1 : 10, one case at 1 : 50, four at 1 : 25. In 
several cases of tuberculosis affecting other regions (bladder, 
bone, (kc.) no reaction was obtained. 

Ajrloing and Courmont give the following statistics of 
results : — Of 191 persons presenting clinical signs of tuber- 
culosis, 168 or 87*9 per cent, reacted positively, while 23 or 
12-1 per cent, were negative. Of 130 cases clinically non- 
tuberculous, 45 reacted (34*6 per cent.), 85 (65 -4 per cent.) 
were negative. Among 41 healthy persons 11 reacted 
(26*8 per cent.), while 30 were negative (73*2 per cent.). 
In all these cases blood-serum was employed for the test. 
Serous effusions gave the following results : — 



Tubercular pleural effusions (31) 

Pleurisy of doubtful origin (16) 

Non-tubercular hydrothorax (11) 

Tubercular ascites (13) 

Non-tubercular ascites (20) 

In cases of tubercular meningitis the result was always 
negative in children, but two adults gave positive reactions. 



Positive. 


. Negative. 


23 


8 


13 


3 





11 


11 


2 





20 
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The above figures would suggest that the test may be a 
valuable aid in the diagnosis of tubercular peritonitis from 
conditions which produce similar symptoms, such as cir- 
rhosis of the liver and chronic simple peritonitis, if the 
latter condition really exist. The failure of the reaction in 
1 2 per cent, of clinically tuberculous cases suggests that for 
ordinary use the test is of doubtful value. The non-appear- 
ance of the reaction in cases of tubercular meningitis in 
children is particularly unfortunate, as the disease is a very 
insidious one, for which a sure test would be of the greatest 
service, while it would certainly not be legitimate to make 
use of tuberculin in such a malady. 

The results obtained by Beck and Rabinovitchi were 
very much less favourable for the value of the test. Thus 
in cattle, among 19 healthy beasts, 12 gave a positive 
reaction, and among four suffering from diseases other than 
tuberculosis three reacted. Among 17 beasts with early 
tubercle G were negative, and among 22 moderately advanced 
cases two were negative and 6 only reacted in a dilution of 
1 : 5, at which point the serum of even healthy cattle may 
cause agglutination. Among 16 very advanced cases one 
was negative and four reacted only at 1 : 5. In human 
beings these observers record that among 17 cases of incipient 
tuberculosis, only six gave a positive reaction, and among 
16 advanced cases only four reacted. Among five doubtful 
cases which gave a positive reaction with tuberculin, only 
one reacted positively with the agglutination-test. On the 
other hand, of 31 non-tuberculous cases, ten reacted 
positively. 

On the whole, it seems necessary to conclude, on the 
evidence at present available, that the agglutination-test 
is of no practical use in the diagnosis of tuberculosis. This 
is the opinion of Koch and of Beck and Rabinovitch. The 
margin of error is too great for the test to afford trustworthy 
indications for clinical use. The most hopeful field for 
further experiments with this reaction is in the diagnosis of 

1^ ^ Quoted by Loeb., loc, cit. 
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tubercular ascitic effusions, in which the fluid is easily 
obtained, and in which, so far, the recorded results are 
encouraging. 

VACCINATION AGAINST TUBERCULOSIS. 

Attenuation of Tubercle-Bacilli.— For the purpose 

of vaccination against any disease the first requisite is the 
preparation of an attenuated form of the causal organism, 
and for a long time it seemed as if it were impossible to 
reduce the virulence of the tubercle-bacillus. Many 
observers ^ have, however, now succeeded in the endeavour 
to attenuate this organism, and in the case of the lower 
animals it has been claimed that immunity can be produced 
by means of such cultures. In 1889 Darenburg^ inoculated 
rabbits with dead cultures of tubercle-bacilli, and found 
that though they were at the time made ill by the injections, 
yet afterwards they were more resistant to infection with 
virulent bacilli. In the same year Grancher and Martin ^ 
prepared a series of cultures of different degrees of virulence, 
and stated that they had succeeded in immunising rabbits 
by this means against the disease. 

In 1890, Trudeau^ gave an account of two cultures of 
tubercle-bacilli of very different virulence. The first was 
from the lung of a man who had died of miliary tuber- 
culosis. It grew very slowly on glycerine-agar in isolated 
scaly masses. The second was from a guinea-pig which had 
been inoculated with bacilli from an old phthisical cavity, 
and the bacilli had been grown for a long time on artificial 
media. This culture grew rapidly, forming a thick, creamy 
pellicle on the surface of the medium. It was much less 
virulent for rabbits than the former. Trudeau failed, 

1 Salmon {Philadelphia Med. Journ., June 13, 1903, p. 966) 
gives an historical summary of the results obtained in attenuating the 
tubercle-bacillus. The following account is principally taken from 
his paper. 

2 Bull, de VAcad. de Med., Oct. 29, 1889, p. 391. 

3 Ibid., Aucr. 20, 1890. 

* Trans. Assoc. Amer. Fhysicians, 1890, Vol. v., p. 183. Ibid., 
1894, Vol. ix., p. 168. 

S 
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however, to produce immunity either by injection of culture- 
products or of attenuated organisms. In the year 1894 he 
announced that rabbits inoculated with avian bacilli seemed 
to gain a certain amount of additional resistance to the 
human form. Guinea-pigs, which are scarcely susceptible 
to the avian bacillus, are not protected by injections of it 
against infection with other forms. 

In 1894 de Schweinitz by repeated subcultures had pro- 
duced a bacillus which was so attenuated that it no longer 
produced tuberculosis even in guinea-pigs, and by inoculat- 
ing the animals with these attenuated bacilli, and afterwards 
with others of gradually-ascending degrees of virulence, he 
immunised them against bovine bacilli. In 1897 the same 
observer showed that byinjection with human tubercle-bacilli 
cows could be rendered immune to the bovine bacillus. 

It is interesting to notice that the better a variety of the 
tubercle-bacillus grows on artificial media, the less virulent 
it appears to be. The artificial pabulum constitutes a new 
environment to which the organism has to get accustomed, 
and as it does so it loses its original power of acting as a 
parasite. This forms a good example of the variation of 
bacteria according to their surroundings. 

Behring,^ by injection of human tubercle-bacilli into 
cattle, has produced immunity to the bovine form of the 
disease. The procedure, which he speaks of as " Jennerisa- 
tion," is harmless to the animals, and they subsequently 
resist, not only artificial inoculation with their own form of 
tuberculosis, but also infection in the ordinary course of 
nature, when they are brought into contact with other 
animals suffering from the disease. The duration of the 
immunity thus conferred is not yet certainly known; a 
second vaccination may be necessary subsequently. Behring 
suggests that this latter might be performed with modified 
bovine bacilli. 

Friedmann - has made use of bacilli derived from the 

1 Zeitschr.f. Thiermedicin, Bd. vi., Heft. 6 and 6, 
-^ Therap. Monatsh., March, 1904, p.. 123. 
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tortoise for immunising warm-blooded animals ; and Moeller ^ 
has experimented with similar bacilli from the slow- worm. 
Both authors record good results ; but the method has not 
been tried on man. 

In human beings prophylactic injection of attenuated 
bacilli does not seem to have as yet been attempted, but it 
may be pointed out that the injection of Koch's new tuber- 
culin (T.R.), and still more of his emulsion of bacilli, is 
very closely allied to such a mode of treatment, since the 
remedy consists of the actual bodies of the bacilli, broken up 
and suspended or dissolved in an indifferent fluid. 

It is evident that the danger of using living tubercle- 
bacilli as a vaccine for human beings is too great to be faced. 
Maragliano,2 however, announces that he has prepared a 
vaccine of a non-living nature, which he has employed 
on human beings; but the exact mode of preparing this 
material is not stated in his communication. The use of it 
is said to result in an increase of the agglutinative power of 
the blood-serum, and also in a marked leucocytosis. These 
are the changes which have been observed in the blood of 
animals which have been immunised against the tubercle- 
bacillus experimentally. The injections of Maragliano's 
vaccine are followed in human beings by the development of 
a small tubercular ulcer at the point of inoculation, accom- 
panied by a form of suppuration which is bacteriologically 
sterile. There is fever for a few days, but no other ill 
effect. Behring^ suggests that it may be possible to 
immunise young children prophylactically with anti-bodies 
derived from animals which have been injected with 
attenuated baoilli. 

SERUM-THERAPEUTICS OF TUBERCULOSIS. 

Various attempts have been made to treat tubercu- 
losis by an antitoxic serum on the lines of that used for 

^ Zeitschr.f. Tuberk. u. Heiht., Jan., 1904. 

2 Communicalion to the International Medical Congrefs, Madrid, 
1903. Medical News, July 4, 1903, p. 1. 

3 Berlin klin. /f'ocA., March IG, 1903. 
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diphtheria. To prepare the serum, horses or other animals 
are injected with gradually-increasing doses of tuberculin or 
similar toxic products of the growth of the organism, and 
the serum obtained by subsequent bleeding of the animal 
is injected subcutaneously into the tuberculous individual. 
The observer who claims to have had the best results by this 
method is Maragliano, who has treated a large number of 
tubercular cases in a special institution in Italy. 

Maragliano'S Serum.— For the preparation ^ of 
his serum, Maragliano uses two separate toxines : (1) a 
culture of the bacilli concentrated by heating on a water- 
bath at 100° C. for three or four days ; and (2) a similar 
culture filtered through a Chamberland filter and concen- 
trated in vacico at a temperature of 30" C. A mixture, 
consisting of three parts of the former and one of the latter, 
is used to inoculate the horse, beginning with a dose of 
2mg. per kilogramme of body- weight, and gradually in- 
creased up to 40mg. or 50mg. The immunising process 
lasts altogether about six months, a pause being made in 
the injections if the horse develops fever or other signs of 
illness. The serum is not drawn off for a period of three 
or four weeks after the injections have been stopped, until 
the urine of the animal ceases to contain toxic bodies. 
When it has been prepared. Ice. of the serum will counter- 
act the smallest dose of tuberculin capable of causing a 
reaction in an infected individual. 

The serum ^ is administered in doses of Icc.^ which are 
injected on alternate days. The other means adapted to 
the cure of tuberculosis (open air and good feeding) are not 
omitted during the treatment with serum. This latter has, 
of course, no effect on the pyogenic organisms which second- 
arily infect the tuberculous individual (streptococci, (kc), 
but it is applicable to all cases, in whatever stage of the 
disease they may be, to combat the actual tubercle-bacilli. 

^ Quoted from NicholU, Montreal Med. Journ.j xxxii., 1903, p. 477. 
- Maragliano's serum may be obtained from Messrs. Burrongbs, 
Wellcome & Co. (1 bottle, 178. 6d.). 
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The serum is said to be bacteriolytic as well as antitoxic, 
since if bacilli are kept for some days in the fluid they cease 
to cause infection when injected into animals, or to grow if 
planted on nutrient media. 

Some statistics of the results obtained by the use of this 
serum are given by Mircoli.^ In all, 2,899 patients come 
under consideration, and the cases may be thus tabulated : — 



Circumscribed apyretic cases . . , 
Circumscribed febrile cases 
Diffuse tubercular bronchitis ... 
Advanced phthisis with cavities 



Total. 


Cured. 


250 


95 


938 


168 


665 


91 


712 


39 



Im- I Station- 
proved, ary. 



110 
511 
301 
281 



30 
163 
166 
192 



No 
Effect. 



35 

96 

106 

240 



Such results are certainly noteworthy. Mircoli states 
that the improvement obtained is generally permanent, 
relapses being infrequent — as if the organism, when it had 
once been assisted to defend itself against the tubercular 
parasite, were able to continue the struggle successfully for 
the future. The amount of the alexines present in the 
blood is said to be increased, and the antitoxic power is 
distinctly raised. .This is not a mere passive immunity, due 
to the actual doses of antitoxine administered, as the increase 
is much greater than can be thus accounted for. On the 
other hand, Mircoli considers that the use of tuberculin 
adds to the amount of toxine present in the blood, and may 
actually overthrow an existing balance of immunity and 
cause the patient to succumb to the disease, which other- 
wise he might have successfully resisted. 

Most other observers who have tried Maragliano's serum 
for the treatment of tuberculosis have failed to produce 
any marked improvement by its means. 

Marmorek'S Serum. — Quite recently, Marmorek^ 
claims to have isolated from the B. tuberculosis a special 

1 Oazz. degli Ospedali, 1900, Sept. 9. Journ, Amer, Med. Assoc. ^ 
1900, ii., 887, 914. 

2 See lancet, Nov. 21, 1903, p. 1,470. 
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toxine, differing from tuberculin (this he considers only a 
subsidiary substance which aids in the production of the 
true poison), and by the inoculation of this toxine in horses 
has prepared a serum which acts as a protective to animals 
against tubercular infection. Marmorek has used the serum 
in cases of pulmonary tuberculosis and tubercular pleurisy, 
and claims good effects. He has also used it in tubercular 
meningitis, with some amelioration of symptoms, and thinks 
that it might prove curative of this condition if used early 
enough. The serum has been tried by Latham^ in a few 
cases with inconclusive results. There is not at present 
sufficient evidence on which to pronounce as to its efficacy 
as a remedy. 

Other Serums. — NichoUs prepared an antitoxic serum 
by injecting goats with Koch's new tuberculin (T.R.). The 
injections were given subcutaneously in the neck, once a 
week, starting with doses of 0'0025mg., and rising gradually 
to 15mg. by the end of seven months. The serum thus pre- 
pared seemed to have some restraining power over the 
development of the disease in rabbits and guinea-pigs, but 
it could not be called curative. 

Macfarland 2 injected an ass with tuberculin, and tried 
the serum obtained from it in fifteen cases of tuberculosis, 
but without definite results. 

On the whole we have to confess that at present it has 
not been found possible to produce a serum which will 
influence tuberculosis to an extent at all comparable with 
the effects of antitoxine in diphtheria. This want of success 
is probably owing to our inability to prepare a solution of 
toxines of the tubercle-bacillus of adequate strength. Much 
of the toxic matter of this organism seems to remain intra- 
cellular, and not to be given off into the culture-medium. 
The last word has not yet been said on the matter, and it 
is possible that more success will be obtained by further 

1 Lancet, 1904, i., p. 854; cf, Rothschild & Brunier, Le Progres 
Medical, 1904, p. 265. 

2 Journ. cf the American Med. Assoc, 1897, ii., p. 359. 
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trials ; but it is not in this direction that our hopes of 
combating the disease seem, at present, to point. 

ANTISTREPTOCOCCIC SERUM IN TUBERCULOSIS. 

It has already been pointed out that much of the de- 
struction of the pulmonary tissue which takes place in cases 
of phthisis is due to a secondary infection of ulcerated 
surfaces by pyogenic bacteria, especially streptococci The 
attempt has been made to combat these invaders by the use 
of antistreptococcic serum. Some results of this method of 
treatment are recorded by Bonney.^ He selected cases in 
which large numbers of streptococci were to be found in the 
sputum. Other signs of infection with these organisms 
are to be seen in the occurrence of chills or irregular oscilla- 
tion of the temperature, or in profuse sweating at night. 
Bonney used the serum in twenty-five cases, all of which 
were in an advanced stage of the disease, and had failed to 
benefit by ordinary methods of treatment. As a result, 
three cases were apparently cured, and four others were set 
well on the way to recovery. Five cases improved dis- 
tinctly, but not sufficiently to render recovery more than 
problematical; while eight others exhibited temporary 
amelioration of symptoms, but the course of the disease was 
not checked. In six cases no definite results were obtainied. 
Menzer^ has also obtained good results with his serum in 
these cases, and considers that the inflammatory reaction 
which occurs, due to its action, may have a beneficial effect 
on the tubercular lesions, as well as combating the strepto- 
cocci. 

Oenieral Considerations as to the Nature of 

Tuberculosis and Immunity.— After the above dis- 
cussion of the Various methods which have been proposed 
for the prevention and cure of tuberculosis, it may 
be well to set forth a few general considerations 
which seem to have a bearing on the question of the 

1 Med, News, Jnly 13, 1903. 

3 Munch, med, IFoch., Oct. 27, 1903, p. 1,877. 
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production of immunity in this disease. In the first 
place, it is evident that tuberculosis differs from other 
infective diseases, as, for example, scarlet fever, in 
that one attack does not, as far as can be seen; confer 
immunity to subsequent infection. Indeed, it would rather 
appear that a person who has once developed a focus of 
tuberculosis is more liable to become the subject of subse- 
quent outbreaks of tubercular trouble than one who has 
hitherto been free from infection. Maragliano, it is true, 
denies this, and holds that it is rare for one who has 
recovered from tubercular disease of a joint, for example, 
to develop tuberculosis of any other part later on in life. 
General experience, however, would show that those who 
have suffered from tuberculous glands in their youth are 
only too likely to become phthisical in after years, even if 
the glands have been removed or have subsided. Hence it 
must be doubted whether any lasting immunity to the 
tubercular process can be conferred by artificial means, such 
as vaccination or the use of any form of tuberculin as a 
prophylactic. Of course, such an d priori argument would 
be at once overthrown if it could be shown that Behring's 
treatment in animals was really effective, but this still 
demands exact proof. 

On similar grounds, it is hardly to be expected that it 
will prove to be possible to obtain a serum which will cure 
the disease. The tubercular process is very chronic, the 
bacteria growing very slowly and remaining alive in the 
body for a long time. Serums, whether antibacterial or 
antitoxic, are rapidly eliminated from the body. Hence to 
combat the disease it would be necessary to continue the 
injections of serum over a long period of time. The diffi- 
culty and expense of such proceedings are at once apparent. 

Further, the facts which we know as to the mode of 
resistance of the body to the disease do not give ground for 
much hope with regard to the attainment of artificial 
immunity. In the majority of cases tuberculosis is not of 
the nature of a general infection — those cases in which this 
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is the case being just those which seem absolutely hopeless 
(acute general tuberculosis). It is a local infection, causing 
gradual destruction of tissue ; resistance to which is carried 
out by means of the local reaction of the connective tissue 
round the infected area, leading to the formation of a pro- 
tective capsule of fibrous material. It is true that the 
building up of this protective wall seems to depend on the 
power possessed by the patient of resisting the poisons of 
the bacilli, and that, therefore, anything which tends to 
strengthen this resistance is of use ; but it is not by any 
means the same process as that seen in recovery from a 
general infection, in which class of diseases alone any real 
assistance has so far been obtained from serum-treatment. 
On these grounds we cannot reasonably be disap- 
pointed at the want of success which has so far attended 
attempts to apply serum- therapeutics to tuberculosis. 

GENERAL CONCLUSIONS. 

(1) Tuberculin. — a. The original tuberculin (T.) affords 
a valuable means of diagnosis. It is not infallible, the 
margin of error amounting to about 10 per cent. It 
should not be used indiscriminately, but only in cases in 
which other means of diagnosis have been tried and failed, 
and in which the question of the existence of tuberculosis 
is of immediate importance to the patient. 

B. This form of tuberculin is of considerable value in 
the treatment of some cases of lupus vulgaris, especially 
those in which the disease has involved parts inaccessible to 
direct surgical or photo-therapeutic measures. It may do 
good also in some cases of laryngeal tuberculosis. It is not 
to be recommended for use in phthisis or other forms of 
internal tubercle, and is absolutely contra-indicated in 
tubercular meningitis. 

c. The new tuberculin (T.R.) is worthy of trial in pul- 
monary tuberculosis. It should be used along with ordinary 
treatment by open-air and increased feeding, especially in 
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cases which appear to be making little progress by the latter 
measures alone. 

(2) Agglutination-Test. — This method of diagnosis, 
as at present carried out, is complicated and unreliable. 
It is of no practical value for the diagnosis of phthisis. It 
may, perhaps, be of use for distinguishing between tubercular 
ascites and other collections of fluid in the abdomen. 

(3) Serum-Treatment. — (a) Treatment of tuberculosis 
by the serum of immunised animals is at present unsatisfac- 
tory. Maragliano's and Marmorek's serums may possibly 
be of some use, but the evidence is not conclusive. 

B. In cases of pulmonary tuberculosis accompanied by 
the presence of large quantities of streptococci in the sputum, 
treatment with antistreptococcic serum appears to have 
given good results, and is certainly worthy of triaL 

(4) Protective Vaccination. — It is possible to render 

animals immune to tuberculosis by vaccination with attenu- 
ated bacilli. As to the recent announcement by Maragliano 
of a means of vaccinating human beings against the disease, 
it is too soon to form any judgment. 
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CHAPTER XV. 

MALIGNANT TUMOURS. 

Nature of Malignancy. — The term " malignant " is 
applied to those tumours which tend to spread from their 
original seat in the body to other parts, either by insinuating 
themselves between the cells forming the tissues around 
them, or by giving rise to secondary growths in distant 
parts of the system. These secondary tumours appear to 
arise from cells of the parent-growth, which have been 
carried away by the lymphatics or blood-vessels and de- 
posited in other organs. Ulceration rapidly occurs in 
malignant growths when they reach a free surface, and 
this circumstance is sometimes considered to be one of their 
peculiar features. It may be met with, however, in simple 
tumours under certain circumstances. In malignant 
growths it arises more readily, owing to the softness and 
rapid growth of the cells of the tumour, which readily break 
down and degenerate. 

iEtiology of Malignant OrOWths. — Nothing certain 
is known as to the causation of malignant tumours, but 
many theories of their aetiology have been put forward. The 
following may be briefly alluded to : — 

(1) Cohnheim's hypothesis. — Cohnheim suggested that 
all tumours originate in cells which have in some manner 
gone astray in the process of development of the individual. 
These " rests," as they are termed, may lie dormant for an 
indefinite time among the tissues and only start independent 
growth late in life. The tumours known as dermoid cysts 
are almost certainly of this nature. Other examples may 
perhaps be seen in the cartilaginous tumours which often 



284 SERUMS, VACCINES, AND TOXINES. 

occur in the ends of the 4ong bones ; since nests of free 
cartilage-cells have been demonstrated in these parts, which 
may be the potential origins of 4iumours. Certain tumours 
of the kidne}'^ are supposed to be derived from cells properly 
belonging to the neighbouring suprarenal body, which have 
become surrounded by the kidney-cells in the process of 
development, and so cut off from their natural connections. 

(2) Irritation. — The connection between the formation 
of tumours and the occurrence of some cause of irritation is 
in many cases obvious. A well-known example is the 
cancer of the lip which is met with in persons who smoke 
short clay pipes. The cancer which occurs in the bile- 
passages as the result of impacted gall-stones is another 
example of this mode of causation. 

(3) Simple traumatism is not unfrequently asserted by 
patients to have been the starting-point of a tumour. Well- 
authenticated instances of such an occurrence are at times 
met with. 

(4) The Parasitic hypothesis. — No serious attempt has 
ever been made to prove that benign tumours are due to 
any parasitic cause, although warts are connected in some 
cases with the existence of infective discharges, and the 
little growths called molluscum contagiosum have been 
stated to contain peculiar organisms of the nature of 
protozoa. The supposed parasites in these formations are 
now considered to be masses of hyaline material formed 
by degeneration of the protoplasm of the epithelial cells. 

In malignant tumours a very careful search has been 
made for parasites, and many different organisms have 
been claimed as the excitants of these growths. In the 
early days of bacteriology several varieties of micro-organ- 
isms were obtained from cancerous tumours, and asserted 
to be the causal agents. These were probably accidental 
saprophytes — non-pathogenic germs which had gained a 
temporary footing in the diseased tissues. None of them 
od the test of further investigation. Certain peculiar 
ranees seen in carcinomas, to which the name of 
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" cancer-bodies " has been applied, have been claimed as 
protozoa, and formations resembling spores were described 
by Ruflfer and others. Many observer, of whom Gaylord, 
in America, may be mentioned as a leading champion, still 
maintain that these bodies, or others very closely resembling 
them, are really parasitic organisms belonging to the class 
Sporozoa. Others, again, of whom Plimmer may be taken 
as the chief representative, have cultivated torulse from 
cancers, and believe that organisms of this class are the 
exciting cause of the disease. That yeast-like organisms 
have been obtained from tumours may readily be admitted ; 
but they have not been shown to be invariably present, the 
bodies demonstrated by Plimmer, Sanfelice, and others, in 
malignant growths being generally believed to be, in reality, 
products of cellular degeneration. The torulae cultivated 
from the growths may well have been^ accidental con- 
taminations. 

It seems necessary to conclude that up to the present 
no parasite has been shown to be constantly associated with 
malignant growths ; still less has any one been proved 
capable of producing them. Attempts to reproduce the 
disease by means of any of the alleged parasites have always 
been unsuccessful, no formation which has been produced by 
inoculation of torulse (which alone have been isolated and 
cultivated) having been satisfactorily shown to be more 
than an inflammatory nodule. Observation, therefore, has 
failed to discover a parasitic cause for malignant tumours. 

A -priori arguments derived from the nature of the 
disease appear to be adverse to rather than in favour of 
this hypothesis. The most characteristic feature of the 
pathology of malignant growths is their habit of forming 
metastases or secondary deposits at a distance from their 
original seat, apparently by embolism (impaction) of cells 
carried away from the primary tumour ; these migratory 
cells subsequently developing into fresh tumours. This 
exhibits a mode of transmission of the disease to which 
there is no known parallel in other infective processes. If 
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a parasite is the real cause of cancer, it must be supposed to 
be carried about from one part to another in wandering 
epithelial cells, and these infected cells must gain an 
increased power of multiplication from the presence of the 
parasite. Now, in the first place, all known infective 
organisms are carried about in a free state, not taking their 
cellular host with them. In the second place, known 
parasites cause degeneration or destruction of the cells 
which they attack ; the masses of new tissue to which they 
give rise are formed by irritation of neighbouring cells by 
their toxines or by the products of degeneration of cells 
which they have destroyed. They do not increase the 
vitality of cells, but diminish it. These arguments do not 
in any way disprove the possibility of a parasitic origin of 
cancer or sarcoma, but they render it wise not to accept 
this explanation, of their causation as the most probable 
until an actual parasite is demonstrated. 

Instances of conveyance of cancer from one individual 
to another, as from husband to wife or vice versdy have been 
recorded. If this be proved possible, it yet does not render 
necessary the existence of a parasitic cause, since cells which 
are capable of migrating to distant parts of the affected 
individual might equally well be transferred to another 
person of the same species, as in grafting of epidermis or 
other tissue. The assertion that certain houses are infected 
with cancer (cancer-houses) is not satisfactorily proved 
The increased mortality from cancer in particular districts, 
as shown by statistics, has not been satisfactorily explained. 
It seems possible that hereditaiy influence may have some- 
thing to do with it. It constitutes the most powerful 
argument in favour of an infectious origin of the disease 
which has at present been adduced. 

Oeneral Considerations on Serum-Treatment of 

Tumours. — From what has just been said it will be 

apparent that no method of serum-treatment similar to 

that devised for the infective diseases, of which the causes 

fekare known, can be applied to tumours. Neither organism 
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nor toxine has been isolated, with which an antitoxic or 
germicidal seram could be prepared. Treatment has, how- 
ever, been tried on several different lines. On the sup- 
position that a parasite is present in tumours, although it 
has not been discovered, some observers have tried injecting 
animals with portions of cancerous or other tumours, and 
applying the serum obtained from them to the cure of the 
disease. Reference has already been made in the intro- 
ductory chapters of this work to the attempt to obtain, by 
injection of cancer-cells into animals, a cytolytic serum 
which shall be specific for these tumours; the practical 
results of this mode of treatment do not appear to have 
been very encouraging. The most hopeful line of treat- 
ment on bacterial lines is that inaugurated by Coley, who 
employs the toxines of certain bacteria which seem to have 
a power of producing degeneration in the cells of tumours ; 
but it need hardly be pointed out that this mode of treat- 
ment is quite different from serum-treatment, or even from 
vaccines or toxines as applied to other diseases in which the 
specific organism is known. 

COLBY'S FLUID. 

Principle of Treatment. — It was observed many years 
ago that an attack of erysipelas occurring spontaneously 
in a patient suffering from malignant disease sometimes had 
the effect of causing a disappearance or retrogression of the 
growth. Attempts were therefore made to treat cases of 
cancer by artificial production of erysipelas, by inoculation 
with the streptococci. Some very successful results were 
obtained by Fehleisen both in sarcoma and carcinoma, and 
Coley and others also reported cases apparently cured by 
this means. Some fatal cases, however, occurred from this 
treatment, and it was abandoned as too dangerous. Coley ^ 
subsequently proposed to produce the same effect, but in a 

^ Art. ** Erysipelas, Curative," in Quain's " Diet, of Medicine," 3rd 
Ed., 1902, p. 486. 
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manner more under control, by means of injections of the 
toxines formed by the cocci in artificial media. 

Preparation of the Fluid. — Coley obtains the toxines 
by growing together, in flasks of broth, cultures of the Strep- 
tococcus erysipelatis (Str. pyogenes) and of the Micrococcus 
prodigiosus. The streptococcus is first allowed to grow 
alone for 10-14 days, and then the other organism is added, 
and the mixture incubated for another 10 days. The broth- 
culture is finally sterilised by heating to 58** C, and the 
unfiltered fluid, containing the dead bodies of the organisms, 
is used for injection. In weakly patients and children Coley 
advises the use of the filtered culture as being less toxic 
(in the proportion of 1 : 10). Virulent strains of the 
streptococci are used for making the cultures, their vigour 
being maintained by passage through rabbits. 

Dose of the Fluid.^ — The initial dose advised by Coley is 
^ minim, given into the substance of the tumour, or as near to 
it as possible, with all antiseptic precautions. The injections 
may be repeated every two or three days. If no good results 
are observed within the first three or four weeks, it may be 
concluded that the case is not suitable for the treatment. 
If, however, any diminution in the size of the growth is seen, 
the injections may be continued over long periods of time, 
e.g, three times a week for two and a-half or three years. 
Occasional intermissions in the course of treatment are 
advisable. 

Results of Injections.^ — Coley reports a total of 230 
cases iu which his treatment has been adopted. Among 
these only two died as a result of the injections, one from 
accidental sepsis (staphylococcic), the other from rapid 
disintegration of the growth and consequent absorption 
of poisonous products. Thirteen patients have passed the 
three-year limit, generally considered to authorise the claim 

1 Coley*8 fluid may be obtained from the Lister Institute of Pre- 
ventive Medicine, or their ag:ent8, Messrs. Allen & Hanbury (bottles 
of 2cc., OS.), or from Messrs. Parke, Davis, & Co. (12s. per fluid ounce). 

2 Journ. of the American Med. Assoc. ^ 1900, i., 906. 
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of " cure " ; one relapsed and died after 3^ years, one 
is alive seven years after treatment, three have lived over 
feix years, two over five years, seven between three and five 
years, and four between two and three years. Recurrences 
took place in three cases which had shown definite improve- 
ment, thus attesting the correctness of the diagnosis. Coley 
also records 35 cases treated by other surgeons, with the 
result that in 26 the tumours disappeared, and 14 patients 
were alive 2-4 years afterwards. 

In other hands the treatment has not always proved so 
successful as would appear from Coley's results. 

The cases best adapted for toxine-treatment would seem 
to be the spindle-celled sarcomas, which are those least 
malignant in type and most nearly approaching organised 
tissue in their structure. Melanotic sarcoma does not seem 
amenable to the injections. Coley does not recommend his 
treatment in cases in which operative removal of the growth 
is possible. In cases which are inoperable it appears well 
worthy of trial, . . 

Coley explains the good effects seen after injection of 
toxines as being due to the fact that malignant tumours 
are produced by a parasitic organism which is affected by this 
treatment : just as cases of tuberculosis and of syphilis have 
been observed to show improvement after attacks of 
erysipelas. It does not appear necessary to see in Coley's 
results a support to the parasitic hypothesis. It is well 
Tcnown that the cells of tumours are of low vitality ; and 
it is quite conceivable that they may succumb to the action 
of poisons circulating in the blood, when more resistant 
cells, such as those of normal tissues, are unaffected. It is 
also possible that the effect of the toxines is to supply in 
some way a stimulant to the normal connective tissue, 
and that its cells are enabled to offer a more vigorous resist- 
ance to the invasion of the tumour as the result of this 
stimulus. In tuberculosis and syphilis the action of 
erysipelas must be exerted in the direction of an increase of 
tissue-reaction or possibly of phagocytosis, since it can 

T 
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hardly be maintained that tlie toxines of streptococci have 
a specific action on other organisms. The effect of bacterial 
toxines in inducing granular and fatty degeneration of 
tissues is well recognised, and the proneness of the cells of 
tumoura to undergo these changes is noteworthy. That a 
conflict takes place between the healthy cells of the body 
and the invading cells of a tumour seems evident, not only 
on theoretical grounds, but on account of the signs of irrita. 
tion and reaction seen at the periphery of a malignant 
growth. It is not impossible that both of the factors sug- 
gested may play a part in the action exerted by the toxines 
of erysipelas on tumours. It is noteworthy that the most 
marked effect is produced on the sarcomas which are 
connective-tissue tumours, and that the reaction which is 
called " inflammation," and which is induced by the action 
of bacterial toxines, is also seen in connective tissua 

SERUM-TREATMENT. 

Emmerich and SchoU's Serum. — An attempt on 

rather different lines to utilise erysipelas as a cure for tumours 
was made by Emmerich and Scholl,^ who inoculated sheep 
with the cocci of erysipelas, and used the serum of these 
animals for treatment of patients. Improvement seemed to 
result in some cases, but not actual cure. Reineboth ^ records 
a case in which this serum was used, and in which the 
growth showed signs of softening as a result of the injec- 
tions ; but the patient died in spite of the treatment. 

WlaeflF's Serum— Wlaeff and D'Hotman de Villiers-^ 
obtained cultures of blastomycetes from cancerous growths, 
and with them inoculated pigeons. They then took the 
serum of these birds and tried it on rats as a protective 
against the form of cancer from which these rodents suffer. 
This serum has been used as a remedy for human cancer. 
Wlaeff reports that it causes the leucocytes to surround, 

1 Leut. med. Woch., 1895, No. 17. 

2 Ibid., 1895, No. 48. 

3 Coinpt, Bend, de la Soc. de Blologie, 1900, p. 611. 



ANTICANCEROUS SERUMS. 291 

penetrate, and destroy isolated epithelial cells. Reynier^ 
reports that its use relieves pain and produces general 
improvement in patients, but that the growth of the tumours 
is not checked. Other cases with very similar results are 
recorded by Berger^ and Richelot."^ Lucas-Championniere ^ 
did not find that any benefit was derived from the injections 
in cases in which he tried it. 

The idea that blastomycetes are the causal agents in 
cancer is not maintained by many authorities at the present 
day, and it is difficult to believe that any real, effect can be 
produced in human cancers by such a serum as that just 
described. It is possible that a certain degree of irritation 
might be produced by foreign serum injected into a human 
being, and that some temporary effect might be induced in 
a tumour into which it was injected. Probably the only 
good results were owing to suggestion ; the patient was led 
to believe that some good would be done, and either imagined 
this or attributed some incidental improvement to the serum. 

Doyen's Antitoxic Serum. — Doyen ^ has isolated 

from malignant growths an organism to which he gives the 
name of Micrococciis neo/ormans, and has prepared an 
antagonistic serum by injection of its toxines into animals. 
This serum he has employed for the treatment of cancer, 
injections being made into the buttocks. Of a total 
of 126 cases, 58 showed no improvement; 18 cases are 
described as on the way to cure; and 29 more have 
improved under the treatment ; in 21 cases the growth has 
entirely disappeared. No trial has apparently been made 
of the remedy by other physicians. 

Schmidt's Serum. — Most recently of all Schmidt,^ of 
Cologne, has prepared a serum by inoculating horses and 

^ Za Semaine Med , 1901, p. 59. 

2 iiid,^ 1901, p. 69. 3 ma^^ 1902, p 142. 

♦ Ibid., 1900, p. 410. 

« La Presse Medicale, 1904, No. 16 (TV. Soc. deBiol), 

' An account of Schmidt's work was given by Dr. H. J. Johnson 

at the Abernethian Society of St. Bartholomew's Hospital, Nov, 5, 

1903. (See Lancet, Nov. 14, 1903, p. 1,374.) 
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sheep with cultures of a parasite derived from malignant 
growths. He claims good results from this preparation, but 
states that still greater benefit is derived from inoculation 
of the actual organisms themselves. The use of such a 
vaccine is followed by a reaction at the site of the growth, 
with some accompanying rise of temperature. The growth 
of the tumour is arrested, and retrogressive changes take 
place in the cells of which it consists. Schmidt maintains 
that the parasites isolated by other observers are all different 
forms of one organism, which is pleomorphic, and assumes 
different appearances according to its conditions of culture. 
Trial was made of Schmidt's serum in 9 cases at the 
Middlesex Hospital ^ ; it was not found to influence the 
course of the disease. 

The announcement of this new method of treatment of 
malignant growths is still too recent to enable a definite 
opinion as to its value to be offered. It is natural to com- 
pare it with Wlaeff's serum, which is not generally 
considered to be efficacious. 

Cytolytic Serum. — Dubois,^ who as early as 1897 in- 
jected macerated tumours into animals, and used the serum 
as a remedy, reported that fibrosis was thereby induced in new 
growths. Leyden and Blumenthal ^ endeavoured to prepare 
a cytolytic serum by injecting rabbits with finely-divided 
tumours taken from dogs. They considered that they had 
good results in dogs, affected with tumours, which received 
injections of the serum of the rabbits thus prepared. The 
serum was subsequently tried on human patients, carcinoma- 
cells from human sources being used for the preparation of 
the serum. The writers state that benefit was derived from 
the injections in some inoperable cases. 

J.-B. Charcot^ tried a similar serum, but admits that 

1 Lancet^ 1904, i., p. 684, cf. Power (Brit. Med. Journ., 1904, i., 299), 
who found that the serum produced an inflammatory reaction, but 
did not influence malignant growths. 

2 Rev. Med, de VEst, Feb. 1, 1897. 

3 Beut med. Work., Sept. 4, 1902. 
* La Semawe Med.^ 1900. 
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the results obtained were open to question. Some local 
reaction was produced by the serum at the seat of the 
tumour. The injections were not painful. 

With regard to the use of serums of this nature, we are 
met by the diflficulty that at present no proof is available 
that the cells of an epithelial tumour are of a diflferent 
nature from that of the normal epithelium from which they 
are derived. Hence it is impossible to know whether it is 
possible to produce effects on the cells of the tumour without 
the simultaneous occurrence of destructive changes in 
normal cells. The best hoi:)e in this respect seems to lie in 
the recognised lack of resistance met with in the cells of 
tumours, which, in spite of their rapid growth, or perhaps 
in consequence of it, are liable to undergo early degenera- 
tion. It is possible that a weak destructive force, such as 
might be supplied by an epitheliolytic serum, might suffice 
to kill tumour-cells, while unable to affect injuriously cells 
of normal resistance. The effects of the cytolytic serums at 
present prepared do not appear to be very potent. 

CANCROIN. 

Adamkiewicz ^ has prepared an extract of cancers with 
which he claims to have had astonishingly good results in 
cases of cancer. The extract is said to consist principally 
of neurine with some preservative fluid. 

Adamkiewicz has recently reported cases of cancer of 
the tongue, oesophagus, stomach, larynx, and breast, in 
which great improvement was effected by his preparation ; 
and Kretzmer ^ records another case of oesophageal cancer 
which rapidly improved under injections of cancroin. 

Very severe criticisms of the cases recorded by Adam- 
kiewicz are made by Nothnagel and others. It is pointed 
out that the diagnosis of cancer was not definitely made in 
any one of the cases. Carcinoma of the stomach is a con- 
dition which it is very difficult to diagnose with certainty ; 

^ Berlin, klin. Woch.. 1902, No. 24. 

2 Petershurger med. Woch., 1902, No. 20. 



29J. SERUMS, VACCINES, AND TOXINES. 

and the patient who was said to be suffering from this disease 
and to be benefited by the cancroin subsequently came back 
again for treatment for vomiting. In cases of cancer of the 
oesophagus, pieces of the growth may at times slough off 
and so leave a passage for food, rendering swallowing once 
more possible for a period of time. This may have occurred 
in the cases recorded above, and the' temporary benefit have 
been ascribed to the cancroin. 

Poten ^ failed to obtain any improvement in two cases 
(cancer of breast and of uterus) in which he employed 
cancroin. He points out that it is of no use to record cases 
of improvement under this or any other remedy unless the 
diagnosis is confirmed by microscopical evidence. 

It is almost impossible to believe that a remedy of the 
composition assigned to cancroin can have any real effect on 
malignant growths. Much more definite evidence than that 
at present available will have to be forthcoming before the 
claims of this cure for cancer can be taken seriously. 

Summary. — The most remarkable fact about the 
various serums and remedies above alluded to is that they 
all seem to have produced good results in the hands of 
their inventors, but few, if any, of them appear to have 
succeeded in those of others. The only one which can be 
said to have established any pretence to efficacy is Coley's 
fluid, which has been tried now in a sufficient number of 
cases to afford material for forming a judgment. It appears 
to be definitely established that erysipelas may cause the 
disappearance of malignant growths, especially sarcomas ; 
and the records of cases treated by Coley's toxines give 
ground for hope that the toxines may be followed by similar 
good effects, without the dangers of the actual inoculation 
with bacteria. The treatment is certainly worthy of trial 
in cases which are beyond the aid of the surgeon. It is 
most important, however, to recognise that no time should 
be lost in medicinal treatment of any kind, if there is a 
possibility of removing the growth with the knife. This 

1 BcrH?i klin. Woch., 1902, No. 28. 
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remains at present the only method which holds out reason- 
able hopes of cure in malignant disease. 

CONCLUSIONS. 

1. Coley*s Fluid may be tried in inoperable cases of 
malignant disease, especially of sarcoma. It should not be 
used as a temporising measure in cases which are amenable 
to surgical interference. 

2. Until it is proved that cancer is an infective disease, 
serum-treatment of the usual kind is inapplicable to this 
condition. It is, however, permissible to hope that it may be 
possible to produce a cytolytic serum which may act on the 
cells of the growth without affecting the normal cells of 
the tissues. A satisfactory serum of this nature does not 
appear to have been as yet prepared. 
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CHAPTER XVI. 

OTHER CONDITIONS TREATED BY ANTIBACTERIAL 

METHODS. 

Dysentery and Infantile Enteritis ; Yellow Fever ; 
Whooping Cough ; Leprosy ; Relapsing Fever ; Pellagra ; 
Syphilis ; Malta Fever ; Affections due to Bacillus coli 
communis^ to Bacillus pyocyaneus, to Staphylococci; 
Leuchcemia j General Paralysis ; Epilepsy ; Hay-Fever ; 
Botulism ; Antiabrin Serum ; Graves' Disease, 

DYSENTERY. 

iEtiolog^y. — The facts at present ascertained with regard 
to the disease or diseases known as dysentery seem to point 
to at least two different conditions being classified under this 
name. On the one hand, there is the endemic affection known 
as "Tropical Dysentery," which is probably caused by a 
protozoan organism, the A inoeha coli ; and on the other, an 
epidemic disease seen in many parts of the worldj including 
some tropical countries, in which a bacterial agent is almost 
certainly at work. It is with this latter fonn of dysenteiy 
that we are concerned in the following account. 

Many observers have described bacteria in cases of 
dysentery. The organism which is generally regarded as its 
exciting cause is associated with the name of Shiga, who 
(1898) isolated it in an epidemic of dysentery in Japan. 
This bacillus is probably identical with that which was pre- 
viously described by Chantemesse and Widal (1888^), and 
with that found by Flexner in America. A very similar 
organism was found by Kriise in Germany, though this 
observer seems doubtful as to the identity of his bacillus 
with that of other authors, and even claims priority of dis 
covery of the cause of dysentery. 

Shiga ^ describes his Bacillus dysenterice as a shorty rod- 

^ Ceiitralbl f. Bacteriol., Ift^.^^, -R.^^^., ^- ^^"^^ ^^^•. 
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shaped organism with rounded ends, somewhat resembling 
the B. typhosus, but non-motile or only very sluggishly 
motile. It presents involution-forms, but does not form 
spores. It is stated by some observers to possess flagella, 
but these are very difficult to stain. The bacillus grows on 
laboratory media, and does not liquefy gelatine. It does 
not coagulate milk, in which it gives rise after some time to 
an alkaline reaction ; nor does it lead to formation of indol. 
It is decolorised by Gram's method. 

The bacillus is present in almost pure culture in the 
stools of a case of dysentery by the end of the first week of the 
disease. It may be found earlier, if sought for, in the flakes 
of mucus which are evacuated. Within the body the bacilli 
may be seen lying in the deeper parts of the intestinal ulcers, 
and also in the mesenteric glands. They do not appear to 
reach the spleen or other organs. 

The description given by Flexner ^ of his bacillus is almost 
identical. He finds that it is pathogenic for animals, if 
injected intraperitoneally : if given by the mouth, it fails 
to gain a foothold, unless the acidity of the gastric juice is 
neutralised. Dead cultures are also toxic, and may cause 
the death of the animals. Yaillard and Dopter^ have 
induced in animals symptoms similar to those of human 
dysentery, by hypodermic injection of cultures of the 
bacillus, either living or dead, and also by injection of 
toxines isolated from cultures. These toxines seem to have 
a selective action on the large intestine. 

Kriise distinguishes several varieties of the bacillus — B. 
dysenterise germanicae, japonicse, &c. — and some pseudo- 
dysenteric bacilli, which he found in cases of " asylum 
dysentery." In two cases accidental infection of laboratory 
attendants took place with the first-named vaiiety, proving 
its causal relation to the disease. He denies that the organism 
secretes a soluble toxine or that it exhibits any motility. 

^ Bull, of the Johns Hopkins Hosp.^ Oct., 1900. Ceniralhl. f. Bakt.^ 
1900, xviii., No. 19; 1901, xxx., No. 12. 
'^ Za Fresse Med.j 1903, May 23. 
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Finally, other obseryers (Rogers, Moreul and Rieux) 
have found in cases of dysentery organisms belonging to the 
group of colon-bacilli, which produced dysenteric lesions 
when injected into animals ; and Lesage has discovered a 
cocco-bacillus which exhibited similar properties. It is 
possible, and even probable, that under the name " dysen- 
tery" there are grouped a number of affections due to 
different organisms, or, in other words, that a variety of 
bacterial agents are capable of giving rise to the symptoms 
(ulceration of the colon and diarrhoea, with mucus and blood 
in the motions) to which the name dysentery has been 
applied. 

Toxines. — Martin 1 finds that by growing Shiga's bacilli 
in peptone-broth a soluble poison is produced, which causes 
lowering of the temperature of animals into which it is 
injected ; the animals also suffered from diarrhoea and loss 
of weight The most potent part of the poison of the 
bacillus is, however, intracellular, the effect of injection of 
the dead bodies of the organisms being similar in kind to 
that of the toxines, but much more pronounced. 

Agglutination of B. Dysenterise.— The Bacillus 

dysenteriae is agglutinated by the serum of patients who 
have recovered from the disease, or of animals inoculated 
with cultures. The serum of convalescents was found by 
Shiga to clump the bacilli in dilutions of 1 : 20 or 1 : 30. 
Normal individuals may show an agglutinative power when 
the serum is concentrated, but not in dilutions of 1 : 10. 
This property may remain for a considerable time after 
recovery has taken place {e.g. 8 months), but the reaction 
does not appear at the beginning of the illness, so that 
it is of no importance for clinical diagnosis. Use has' 
been made of it for the recognition of the bacillus, and for 
proving the identity of the varieties described by different 
authoi*s. In mild cases the reaction may never occur. 
Kriise found that in cases of dysentery agglutination might 

^ 31ift Ann. Rep. of L.G.B., \^^\-1. Supplement containing the 
Jieport of the Medical Officer, 1903, ipp. 3^^, ^Sul, 
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occur in dilutions of 1:50, and even of 1:1000, while 
normal individuals never showed the phenomenon in greater 
dilution than 1 : 20. Flexner found the reaction present in 
cas^s due to his bacillus, whereas it did not occur in cases of 
amoebic dysentery. 

Mdlle. Boito^ concludes from a study of the agglutination 
experiments carried out with the various organisms that 
they fall into two groups — (1) that including the bacilli of 
Shiga, of Kriise, of Flexner (at New Haven), and others, 
which are agglutinated in dilutions of 1 :400; (2) that 
including the bacilli found by Flexner at Manilla, by Kriise 
(asylums), and by some others, which have less agglutinative 
tendency. The question of the identity or diversity of the 
several organisms must be left at present uusettled. 

Seruin-Treatment. — Shiga inoculated a horse with 
his bacilli, and obtained from it a serum which acted bene- 
ficially in cases of dysentery. He considered that by its 
use the mortality of the disease was reduced by nearly 50 
per cent. Kriise considers that the serum prepared from his 
bacilli is bactericidal, not antitoxic. By the use of this 
remedy he obtained a fall of mortality from 10 to 8 per cent 
These figures do not appear very striking. 

Lesage^ prepared a serum by inoculation with his 
cocco-bacillus, which reduced the mortality in the cases 
which he observed by 50 per cent. Moreul and Rieux ^ 
also produced a serum by means of the variety of B. coli 
which they considered to be the causal agent in the cases 
which they examined ; they found that it was both pre- 
ventive and curative. 

INFANTILE ENTERITIS, OR SUMMER DIARRHOEA. 

The Bacillus dysenterise has been found in cases of the 
Summer Diarrhoea of infants, and is considered to be the 

1 Gaz. des Hop., 1903, No. 97, p. 781, and No. 80, p. 809. A full 
bibUography of the subject is here given. Cf. Gay and Duval, 
Univ. of Venn. Med. BnU., July-Aug., 1903, p. 177. 

2 Bull, de la Soc. de Biologie, 1902, p. TOo. 

3 Quoted by Mdlle. Eoito, op. cit. 
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oause of the disease.^ It is probable that more than one 
bacterial agent can give rise to the morbid conditions classed 
under this heading. Kriise obtained good results from 
serum-treatment in cases of dysentery in children, reducing 
the mortality from 15 to 5 per cent. Gay ^ considers that 
the prospect of serum- treatment in summer diarrhoea is very 
hopeful. The New York City Health Board ^ is said to be 
preparing to supply a serum for infants suffering from 
summer diarrhoea, on the basis of the causality of the B. 
dysenteriae. 

YELLOW FEVER. 

JEtiologfy. — The causation of yellow fever is at present 
unsettled. Sanarelli ^ isolated a bacillus to which he gave 
the name of Bacillus icteroides, and which he believes to be 
the pathogenic agent. The claims of this organism, how- 
ever, are not generally recognised. Parker, Beyer, and 
Pothier ^ have found a protozoan organism which they 
named Myxococcidium ategomyiw, and which is possibly the 
cause of the disease. This coccidium is found in the bodies 
of gnats which have sucked the blood of patients suffering 
from yellow fever. It is now practically proved that the 
disease can be transmitted by the bites of the variety of 
gnat called Stegomyia /asciata, and Findlay ® suggests that 
this insect is the principal host of the parasite of yellow 
fever, which only passes a subordinate stage of its existence 
ill human beings. Its life-cycle would thus be just the 
opposite of that of the organism of malaria, which has man 
for its definitive host. It appears to have been proved by 
Reed and Carroll '' that the virus of yellow fever is capable 

^ See Martha Wollstein, "The Dysentery -bacillus in a Series of 
Cases of Infantile Diarrhoea," Journ. of Med. Research^ Aug., 1903, 

p. 11. 

'^ Univ. of Pennsylvania Med. Bull., Nov., 1902. 

3 Med. Times, .luly, 1903, p. 221. 

4 Ann. de VInst. Fasteur, 1897, No. 6, p. 433. 

^ United States Public Health and Marine Hospital Service {Yellow 
lever Jiidlet'm, No. 13), 1903. 

^ Hcvhta de Medicina Tropical, \90^,^o. \,^. \^. 
^ Amei'ican Medicine, Feb. 22, 1902. 
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of passing through a Berkefeld filter ; it must therefore be 
exceedingly minute — ultra-microscopic. It is possible that 
the spores of a sporozoon might be of sufficiently small 
dimensions to fulfil this condition ; even the trophozoon 
(Minchin) or fully-developed parasite must in this case be 
very small indeed, as it is found in considerable numbers 
within the minute body of the gnat. It is, however, quite 
possible that the true cause of the disease still remains to 
be discovered. 

Serum-Treatment. — Sanarelli^ prepared an anti-amar- 
illic serum ^ by inoculating a horse with his bacilli, and used 
it in cases of the disease, apparently with good effect. He 
reports that the injection is followed by a febrile reaction, 
which in turn is succeeded by remission of the symptoms. 
Among eight cases in which he used small doses of the 
serum, there were two deaths and six recoveries ; while of 
fourteen severe cases in which larger quantities were 
employed, ten recovered. 

Prophylactic injections of the serum were used in the 
case of an outbreak which had occurred in a jail, and after 
the injections were carried out no more cases of the disease 
were met with. 

Agramonte^ has tried the serum of convalescents in 
yellow fever, and thinks that good effects are produced. 
Other observers have not been equally successful. 

ToxineS of B. icteroides. — Baker* injected toxines de- 
rived from Bacillus icteroides into patients, and found that 
they produced the typical phenomena of a rising pulse and 
falling temperature (Faget's pulse and temperature), which 
are peculiar to this disease. 

Vaccination with the Bacillus icteroides in accordance 
with Haffkine's method is capable of protecting animals 
against infection with this organism. 

' Ann, de VInst. Pasteur, 1898, p. 348. 

2 Amaiillic, from the Spanish name of the disease, " Fiebre ama- 
rilla." 

' Quoted by Fitzpatrick, Journ. o/ iAe -American Med. A&%oc., W<jfsr^ 
14, 1900, p. 905. 4 Ibid, 
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WHOOPING-COUGH. 

JEtiologJ' — It is almost certain that whooping-cough is 
due to some infective micro-organism, but tliis agent has not 
been definitely identified. Various organisms have been 
claimed by different observers as the causal agent. Thus 
bacilli have been described by Afanassieff, Koplik, and 
others. Ketter examined 1,163 patients suffering from the 
disease, and found a diplococcus in all of them, to which he 
gave the name of Diplococcus ttcssis conmilsivce. Czaplewski 
and Hensel describe a bacillus which exhibits well-marked 
polar staining, so that it resembles a diplococcus ; this 
observation may perhaps bring into line the claims of 
bacilli and diplococci. Arnheim has found in 150 cases a 
short bacillus like that of influenza which will not grow in 
culture media without the addition of haemoglobin ; it is 
not pathogenic for animals. Ciliated amoebae have also 
been found in cases of whooping-cough, and considered to be 
responsible for the production of the malady. 

Specific Serums. — Elena Manicatide^ obtained pure 
cultures of a peculiar bacillus from the sputum of patients, 
and with them inoculated a sheep and a horse. The serum 
obtained from these animals appeared to exert a favourable 
influence on the disease, the number of attacks. diminishing 
under the treatment, and convalescence being more rapid. 

Leuriaux^ found in cases of whooping-cough a short, 
thick bacillus, almost as broad as it was long. It was 
motile and aerobic, growing well on gelatine and other 
laboratory media ; and it retained the colour when treated 
with Gramas reagent. He inoculated rabbits with this 
organism, which produced death if it was given intraven- 
ously, while if it was inoculated subcutaneously a local 
abscess was formed. Convulsive movements of the dia- 
phragm were seen in some instances, which may be analogous 
to the convulsive seizures of pertussis. Leuriaux inoculated 
a horse with the organisms, and treated cases of whooping- 

^ Spitalul, 1902, No. 6 (abslT. in Zcntralbl. i,'\'M<, Med., 1903, 
p. 199). 2 xa Semaiwe Med., Y^^'I,^.^^^. 
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cough with its serum. ^ He considei's that the effects 
produced were good, cure being brought about in six to 
eight days. He employed doses of 5 cc, and advises the 
early administration of the remedy. 

It is noteworthy that these two observers agree in 
finding a specific bacillus and in obtaining good results by 
serum-treatment. It is impossible to know whether the. 
organism isolated was the same in both cases. Much fui*ther 
experimental evidence is necessary, both as to the causality 
of the bacillus and as to the efficacy of the serum, before 
we can conclude that a true remedy has been discovered for 
this malady. The course of the disease is so irregular, and 
the difficulty of judging of the value of any treatment is so 
great, that a considerable degree of scepticism is justifiable 
in the case of any new " cure " which is brought forward. 

Silvestri '^ used injections of the serum of convalescents 
(15-20 cc.) in seven cases of whooping-cough, all of which 
were apparently relieved. 

Non-specific Treatment. — Indica^ and other observers 
speak favourably of the use of diphtherial antitoxine in 
whooping-cough. Indica treated eight cases with this 
serum, which he considers to act by stimulating leucocytosis 
and increasing the resistance of the patient. 

Porchi "^ thinks that vaccination (vaccinia) is both 
prophylactic and curative. 

LEPROSY. 

.fitiologfy. — The Bacillus leproi wa,s discovered by Hansen 

in 1886. It is very similar in size and appearance to the 

tubercle-bacillus, and resembles this organism in its peculiar 

staining-reaction. Attempts to cultivate the leprosy-bacillus 

artificially have generally failed, but one or two successful 

cultures have been reported. The lower animals appear to 

be insusceptible to this organism. 

^ Leuriaux' serum for the trealment of whooping-cough can be 
obtained from Messrs. Burroughs, Wellcome & Co. (per phial, lOs. 6d.). 

2 Gazzettadegli Ospedali, 1903, No. 114. 

3 Ibid., 1900, xxi., p. 968. 
^ Ibid., 1903, No. 114. 
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Serum-treatment. — Carrasquilla ^ endeavoured to 
prepare an antidotal serum by injec^iing the blood of lepers 
into asses and young horses. The resulting serum is pro- 
'^ bably quite inert. 

Attempts have been made to treat the disease with 
antivenene, and good results are claimed for this method 
by Dyer 2 (five cases ; two cured, two improved). Injections 
of tuberculin have also been tried, and have apparently 
resulted in some softening of leprous nodules, but no per- 
manent good has been effected. Abraham ^ states that 
'* fresh nodules crop up, and the patients are generally no 
better off after treatment than before." The disease runs 
a very chronic course, with intervals of improvement or 
cessation of advance. Hence many remedies have been 
advocated as cures, the natural remissions being attributed 
to their action. There is, unfortunately, no greater reason 
to think that the serum of either kind is a reliable remedy, 
than to believe in the methods of drug-treatment which 
have been advocated. 

RELAPSING FEVER. 

^tiologfy. — The causal agent of relapsing fever was 
discovered by Obenneier, and is named after him the 
Spirillum obermeieri. It is a long, thin, regularly-curved 
('* corkscrew-shaped") organism, with pointed ends. It 
may reach a length equal to five or six times the diameter 
of a red blood-corpuscle. It is actively motile. Infection 
is said to be conveyed by the bites of insects. 

Agglutination and Bacteriolysis. — Sawtscheuko 

and Melkich * found that the serum of patients towards 
the end of the disease had an agglutinative power on the 
organisms, and that it also contained a copula or immune 

1 De/d. med. Woch., 1897. 

- New Orleans Med, and Surg. Journ.y Oct. 1897. 

3 Art. *• Leprosy," in Allbutt's "System of Medicine," Vol. ii., p. 78. 

4 Ann. de VInst. Pasteur, 1901, p. 207. The hactericidal power of 
the blood of convalescents was first shown by Gabritschewsky. Ann. 

if e r Inst. Fasieiir, 1896. 
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body which was capable of producing destruction of the 
bacteria within the leucocytes. They hold that the action 
of this body is to transform the negative chemiotactic effect 
of the organisms upon the leucocytes into positive 
chemiotaxis (i.e. to cause the white corpuscles to be at- 
tracted by the spirilla, not repelled by them). There was 
no free alexine in the blood-plasma, so that no bacteriolysis 
took place outside the cells. Heating the serum led to loss 
of its bacteriolytic property, but not of its agglutinins. 

Serum - treatment. — Lowenthal ^ has produced a 
bactericidal serum by inoculation of horses with the spirilla, 
and good results are claimed as the result of its use. 

PELLAGRA. 

This disease, characterised by weakness of the limbs, ending 
in paralysis, with peculiar mental symptoms, is due to con- 
sumption of diseased maize as food. The poison contained 
in this substance can be extracted, and is capable of causing 
the death of animals. Babes and Manicatide 2 found that 
if the extract was injected along with blood-serum from 
normal persons, the fatal effect was not prevented ; but 
that if serum from those convalescent from the disease were 
used, it protected the animals from the effects of the poison. 
An antitoxic substance is therefore contained in the serum 
of convalescents. 

SYPHILIS. 

.fitiologfy. — The causation of syphilis is still unde- 
termined. A bacillus was described in syphilitic lesions by 
Lustgarten (1884), which has some claims to be considered 
the causal agent. Quite recently De Lisle and Jullien have 
found a polymorphic motile bacillus present in the blood of 
syphilitics, which tends to break up after the blood has 
coagulated. This organism is agglutinated by the serum of 
syphilitic patients, a point in favour of its being the cause 
of the disease. 

1 Dnttschemed, Woch.^XW^, 

- La Semaine Med., \V)V>Q, i^. T^^. 

U 
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Serum-Therapeutics.^ — Since the lower animals, with 
the doubtful exception of the ape, are immune to syphilis, 
various attempts have been made to influence the course of 
the disease by injections of the serum of animals. Richet 
and Hericourt injected the serum of dogs; and other writers 
have recorded experiments with the serum of other species 
(lambs, Tommasoli ; horse, Kanuberg ; cattle, Kollmann). 
No satisfactory results have been obtained by this means. 

Injection of syphilitic blood into animals, and inocula- 
tion with other products of the disease hydrocele and ascitic 
fluid ; chancres), have also l>een tried, the serum being then 
drawn off, and used therapeutically (Mazza, Gilbert, and 
Fournier). Improvement is stated to have ensued in some 
of the patients thus treated. 

The serum of patients in the tertiary stage of the 
disease, and that of congenital ly-syphili tic infants, has also 
been employed. Good results are stated to have been 
attained in some cases by this means (Gilbert and Fournier, 
Boeck, Moore, <kc.), but it is evident that such a mode of 
treatment could never be generally used. Until the causal 
agent of syphilis is definitely ascertained, we cannot hope 
for an effective serum-treatment. 

MALTA, MEDITERUANEAX, OR UNDULANT FEVER. 

XtiologJ, — This disease is due to a minute oval coccus, 
the Micrococcus melitensiH, discovered by Bruce, which may 
occur singly or in pairs, but does not form chains. It is 
non- motile, and the flagella described by some authors are 
undoubtedly artificial. It is decolorised by Gram's method. 
It can be grown on laboratory media, if they have an 
alkaline reaction. 

Agglutination. — The micrococci are agglutinated by 
the serum of sufferers from the fever. The reaction may 
appear as early as the fourth day, seldom later than the 
sixth, and occurs in considerable dilutions (1 : 50, 1 : 200, 

^ For the literature on this subject, «ee Fouquet, Gaz. de% Hop,, 
Oct. 10, 1903, p. 1,153; also Lane, Vractitioner, July, 1904. 
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&c.).^ This reaction is useful, not only as a means of 
diagnosis, but also for prognosis, as patients whose serum 
shows a high agglutinative power are likely to recover more 
speedily than those who fail in this respect. 

Serum-treatment. — Wright and Semple- have treated 
a case of this disease with a curative serum. The mode of 
preparation of this is not stated, nor can trial in a single case 
afford any trustworthy evidence of the value of the remedy. 

AFFECTIONS DUR TO BACILLUS COLI COMMUNIS. 

The Bacillus coli communis is a normal inhabitant of 
the human intestine. Under certain circumstances, such 
as constriction of the gut, injury to the peritoneum, per- 
foration of the intestine, etc., it is capable of giving rise to 
serious symptoms ; it may also be found in suppurative 
conditions, such as pyelitis and cystitis, otitis media, etc., in 
all of which it acts as a pyogenic organism. An attempt 
has been made by Albarran and Moser^ to produce an 
antagonistic serum, but no evidence as to its use is available. 
"Wright^ has suggested the advisability of preparing a 
vaccine against this organism. 

Carega^ has isolated two toxic substances from broth- 
cultures of these bacilli — a nuclein and a nucleo albumin : 
to the latter, no anti-body is apparently formed in injected 
animals. 

AFFECTIONS DUE TO BACILLUS PYOCYANEUS. 

This organism, called also the Bacillus of Blue Pus, is 
occasionally pathogenic for human beings. It is a short, 
slender, rod-shaped organism, often occurring in pairs or in 
chains. It is motile, and possesses a terminal flagellum. 
It liquefies gelatine and grows well on other artificial media. 
It does not form spores. It coagulates milk and forms 
indol in cultures. It gives rise to the formation of a blue 

^ Dalton, Practitiotier^ 1903, i., 45. 

2 Lancet, 1899, i., 1,024. 

3 Journ. oj the American Med. Assoc, Jan. 17, 1899. 
^Lancet, 1903, i., 1,299. 

5 Centralbl. /. Bakt., 1903, xxxiv., No. 4. 



308 SERUMS, VACCINES, AND TOXINES. 

pigment, pyocyanin, from which it derives its name. It is 
pathogenic for rabbits and guinea-pigs ; in man it may give 
rise to a form of septiciicmia, as well as to local suppuration. 

Maclntyrei foimd that the bodies of the bacilli con- 
tained an intracellular toxine and a haemolysin. 

Wassermann obtained both an antitoxic and a bacteri- 
cidal serum by injection respectively of the toxines and of 
the bacillus itself into animals. These serums had both a 
protective and a curative action on animals. 

AFFECTIONS DUE TO RTAPHYLOCOCCI. 

Staphylococci are probably always prfesent in the skin 
of mankind. They are capable of giving rise to suppuration 
under favourable circumstances. Several varieties are gene- 
rally described, Staphylococcus pyogenes aureus, citreus^ and 
albtts being the commonest. They differ very little in their 
characteristics, except in their degrees of virulence and in 
their powers of forming pigment. The first-named organism 
gives rise to a bright-yellow pigment, the second to a pale- 
yellow colour, while the third forms white cultures. It 
seems quite possible that they are only varieties of the same 
organism, which have acquired different properties in vary- 
ing conditions. They are, however, usually described as 
different species, and agglutination-experiments support this 
view. They all grow well on laboratory media, and retain the 
stain when treated by Gram's method. The St. aureus is 
pathogenic for mice and some other laboratory animals, 
])roducing abscesses if injected in small doses, death from 
septicaemia if inoculated in larger amounts. 

Toxines of Staphylococci. — Denys found that by 

growing the staphylococci in fluid derived from serous 
exudates he could obtain a toxic substance which had the 
property of dissolving the leucocytes of the blood. These 
cells, when treated with this substance, to which he gave 
the name of *Meucocidin," first became transparent, with 
clearly-defined nuclei, and finally were broken up and 
^ Journ. Amer. Med. Assoc, April, 1904, p. 1,074. 
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destroyed. The importance of this toxine in the parasitic 
life of the bacteria is evident, since it is by means of the 
leucocytes that the infected individual resists the invading 
organisms. It is in this sense that we must look upon the 
formation of local collections of leucocytes (abscesses) at the 
points where the cocci settle. Leucocidin prepared from 
cultures in rabbits does not appear to have the power of 
dissolving human leucocytes. Other poisonous substances 
which have the property of exciting suppuration have been 
obtained from the bodies of staphylococci. To one of these 
Leber gave the name of " phlogosin." 

Serum-Treatment. — Several attempts have been made 
to obtain an antistaphylococcic serum. ^ Anti-bodies can be 
obtained to the various poisons formed by the cocci, and 
rabbits can be immunised against the organisms. A serum 
capable of protecting these animals against several times 
the minimal lethal dose of the cocci has been prepared. 
It is doubtful if any good eflfects are to be looked for in 
man. The fact that the leucocidin which is active for 
rabbits' cells does not affect human leucocytes, suggests that 
both toxines and their anti-bodies may be different in dif- 
ferent surroundings, so that animals' serum would be 
unlikely to have a curative action in human disease. 
Yicquerart and Doyen have prepared antistaphylococcic 
serums for purposes of treatment, but their value is doubtful. 
Moritz 3 tried antistaphylococcic serum in six cases of acute 
endocarditis (5 cc. doses), and was favourably impressed by 
the apparent results. 

Vaccination. — Wright ^ has used dead cultures of the 
organisms as a vaccine in cases of acne and sycosis with 
apparent benefit. 

It would appear that staphylococci are not very virulent 
for human beings, the affections due to them being seldom 

^ An antistaphylococcic serum is manufactured by Messrs. Bur- 
roughs, Wellcome & Co. (5 cc. cost 2s. 6d.). 

2 St, Fetersb. wed. Woch., 1898, No. 19. 

3 lancet, March 29, 1902 ; £rU. Med. Jouni., 1,904, i., 1,075. 
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dangerous. The organisms generally remain localised, not 
giving rise to general septicaemia as streptococci do. More 
is to be expected from ordinary treatment than from serums 
in the cure of staphylococcic affections up to the present. 
On the analogy of animal experiments a very large quantity 
of serum would be necessary to immunise a man. 

LEUCHiEMIA. 

This disease, characterised by anaemia (defect of red 
corpuscles), with immense increase in the number of white 
corpuscles, by enlargement of the spleen and of the lym- 
phatic glands, and sometimes by appearance of masses of 
lymphoid tissue in the internal organs, is of uncertain origin. 
It is allied on the one hand to the gi-oup of blood- diseases 
including pernicious anaemia and splenic anaemia, and on 
the other hand to Hodgkin's disease (lymphadenoma) and 
the various tumours. 

Injections of tuberculin have been used in a few cases, 
apparently with some diminution in the number of leuco- 
cytes (Henck, Beitzke). Rolleston has also administered 
antistreptococcic serum in one case with similar effect, but 
the result on the general condition of the patient was 
inconclusive.^ 

Leucatello and Malon^ have used a leucolytic serum 
obtained by injecting animals (rabbits, sheep) with leuco- 
cytes. They record good effects, seen in diminished number 
of leucocytes and shrinking of the spleen. 

GENERAL PARALYSIS OF THE INSANE. 

Bruce ^ maintains that this disease is due to jwisoning 
by bacterial toxines. He was at first inclined to regard it 
as due to B. coli communis, since he found that the serum 
of patients suffering from general paralysis agglutinated 
these organisms ; but he now considers this infection to be 
secondary. 

1 See Susmann, " Leuchtt'mia and Tuherculosis," Practitiotier, 
1903, ii., p. 541. 

'^ Gazz. degli Ospedali, 1903, No. 11, 

3 Scottish Med. oD Surtj. Jotirn.j Juno, 1903, p. 481. 
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Injection of serum derived from cases of the disease 
which were in a state of remission seemed to have a beneficial 
effect on patients who were in an acute phase of the malady. 
Vaccination with Streptococcus pyogenes also seemed to 
produce temporary amelioration in two cases in which the 
procedure was followed by a reaction. These patients, 
however, rapidly became immunised, and ceased to react. 
In one case, which showed no reaction from the tirst, no 
improvement was observed as a result of vaccination. The 
good effects may perhaps be connected with increased leuco- 
cytosis, since leucopenia is one of the features of the disease ; 
and an attack of any febrile disease may produce temporary 
improvement in general paralytics. 

Ford RobertsoUji on what would appear to be insufficient 
evidence, considered that the toxines of the B. diphtheriae 
played an important part in the production of the paralytic 
symptoms of the disease. He treated six cases (in various 
stages) with diphtherial antitoxine, given in doses of 2,000 
units ; but did not observe any material benefit. 

EPILEPSY. 

Ceni 3 has injected epileptic patients with serum derived 
from other sufferers from the same disease, and obtained 
contradictory results. He has also used the serum of 
rabbits which had received injections of the serum of 
patients suffering from epilepsy. The injection of this 
(rabbits') serum into epileptic subjects was followed by a 
reaction, characterised by fever, and sometimes by the 
occurrence of status epilepticus. Ceni considers that the 
blood of epileptics contains ** auto-cy to toxines,'' consisting of 
copula and alexines, while the serum of the rabbits contained 
excess of copula. The matter is too obscure for detailed 
discussion here. No practical treatment has been founded 
upon Ceni's observations, which still need confirmation. 

* Jiev. of Neurol, and Psychiat.y May, 1903. 

2 Netirologischea Centralbl., April 16, 1903, p. 338. 
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IlAY-FEVEIt 

JEtiolO^. — It seems probable that more than one 
.disease is included under the name of Hay-fever, as the term 
is usually applied. It is made to include not only a peculiar 
specific affection connected with the pollen of certain 
grasses, but also a variety of nervous conditions, of an 
asthmatic nature, which may occur in the summer months. 
These latter will not be considered in the following pages. 

Dunbar ^ has satisfactorily proved that the pollen of rye 
and other grasses is responsible for true hay-fever. The 
pollen-grains contain a soluble toxine which is capable of 
affecting susceptible persons, whereas normally-constituted 
individuals suffer no ill effects from it. Dunbar's experi- 
ments were as follows : — He took the pollen of rye and 
applied it to the nostrils of a certain number of persons 
who suffered periodically from hay-fever, and also to those 
of others who had not experienced the disease. In the 
former, definite symptoms of coryza and irritation of the 
nasal mucous membrane were produced ; while the latter 
did not exhibit any ill effects. Similar results were pro- 
duced in susceptible persons by applying the pollen to the 
conjunctivae. That the symptoms were not due to the 
mechanical effects of the grains of pollen was proved by 
control experiments with materials derived from other plants, 
including those varieties which have pollen-grains of a 
prickly form. Of two persons who were -placed in a room 
and caused to blow into a vessel containing the toxic pollen, 
one who was susceptible to hay-fever exhibited symptoms of 
bronchitis and asthma, while the other was unaffected. 

The soluble nature of the toxine was demonstrated by 
making aqueous and ethereal extracts of the pollen and 
applying theoi in the same way to patients. Symptoms of 
hay-fever were invariably produced in susceptible persons. 
If the pollen is kept for any length of time so that it 
becomes dry, it no longer induces symptoms; but if the 

1 "Zur Ursache uiid Specifischen Heilimg de3 Heufiebors," 1903, 
and Leutwh vied. JFoch., 1903, No. 9. 
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dried grains are broken up, the toxic effects are again 
manifested. In ordinary cases it seems that the poison 
is dissolved out by the tears and nasal secretion, and is 
thus enabled to act. Dunbar found that symptoms of 
irritation were produced by application of the toxic pollen to 
other mucous surfaces beside those of the eye and nose, e.g, 
by application to the anus. If a solution of the poison is 
injected hypodermically, very similar effects are produced to 
those seen after its local application. Thus, a medical man, 
subject to attacks of hay-fever, received an injection hypo- 
dermically in the arm. He first felt giddy, and in a 
quarter of a hour was seized with sneezing, cough, lacbry- 
mation, soreness of the throat, and dyspnoea. The face 
swelled and the voice became hoarse ; there was respiratory 
stridor, and by laryngoscopical examination the vocal cords 
were seen to be congested. The frequency of both pulse 
and respiration was increased. A cutaneous eruption 
ensued, of an urticarial nature, with great itching ; the arm 
in which the injection was given became markedly swollen. 
A second subject who did not suffer from hay- fever exhibited 
no ill effects from a similar injection. 

Antitoxine. — Dunbar proceeded to attempt the manu- 
facture of an antitoxine to counteract the toxine contained 
in the pollen. He injected the latter into rabbits, and used 
their serum for experiments. He found that the serum 
obtained from these animals was capable of neutralising the 
toxine and protecting susceptible persons from its effects. 
Thus if some of the serum were added to the toxine, the 
mixture could be introduced into the eye of a susceptible 
person without any ill effects. Serum from a normal 
rabbit had no protective action. 

Several other writers confirm Dunbar's results. Semon ^ 
has tried the serum, and finds that definite effects are 
produced. It cannot be described as curative of the disease, 
but considerable improvement is produced by its use. The 
effects differ considerably in different cases. If the serum 

1 Brit. Med. Journ., 1903, Vol. ii., 123, 220. 
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be applied to the nose and eye«, when the first symptoms 
are experienced which are known by the patients to portend 
an attack of hay-fever, the threatened access may be 
aboi*te<l. In some cases the remedy unaccountably fails. The 
subjective relief produced in patients is often greater than 
the diminution in the objective signs of the disease. The 
duration of the relief afforded is not long, and repeated 
instillations of the antitoxine are required. Subcutaneous 
injections are not advisable, as the local oedema produced 
is considerable, and the amount of protection gained is 
uncertain. 

M'Bride ' also is favourably disposed towards the use of 
the serum. He concludes that Dunbar has definitely 
succeeded in isolating the toxine of the disease and in 
producing an antitoxine capable of neutralising it. It is 
doubtful, however, whether it is the pollen of grasses alone 
which is responsible for the disease, and therefore whether 
we possess in the serum an antidote to all forms of hay- 
fever. Some persons suffer from a similar catarrhal con- 
dition if they are exposed to the smell of horses or cats, and 
it is evident that the serum prepared from pollen cannot be 
expected to act beneficially in such cases. 

Tliost^ also confirms Dunbar's results, but points out 
that in all cases of hay-fever there is a certain element of 
nerve-weakness, which cannot be influenced by the serum ; 
while the cases which are complicated by morbid local 
conditions will need appropriate treatment for these, as well 
as the specific remedy. 

Autumn Catarrh. — In the United States of America 
there is a form of hay-fever, known as " autumn catarrh," 
which appears in the autumn, at a time when there is no 
pollen from rye in the air. It seems necessary to suppose 
tliat these cases are due to a different cause. Dunbar ^ has 
investigated some of the plants which might be responsible 

^ Edinburyh Med. Journ.y 1903, ii., 7. 
- Munch, med. Woch.^ June 9, 1903. 
=* lierlin. klin. ll'och., July 13, 1903. 
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for such autumnal cases, and finds that golden-rod and rag- 
weed contain toxines capable of exciting the disease. The 
toxine is not the same body as that found in grass-pollen, 
but the antitoxine prepared for the latter is capable of 
neutralising it to some extent. Dunbar considers that this 
action is comparable with the agglutinative action which 
the serum of a patient suffering from one disease may at 
times exert on bacteria other than the causal organism. 

Dunbar adds some reasons for the want of success 
which at times attends the use of the serum as a cure for 
hay-fever. Patients often insist on sleeping with their 
windows open, and in otherwise exposing themselves to 
repeated infection with the toxine. They should, on the 
contrary, refrain from walks in the country at the times 
when they are liable to the disease, and generally avoid all 
opportunities of reinfection. 

Dunbar's Serum. — This is now prepared from horses, 
and is to be obtained commercially.^ It is called " Pollantin,'' 
and is sent out in small cases containing a bottle of the anti- 
toxine «and a drop-pipette for applying it. The following 
directions - for its use are supplied : — 

" As the serum would soon be contaminated by frequent 
contact with the pipette, it is advisable to pour out one- 
third of the contents of the serum phial into the empty 
glass provided with a drop pipette. This glass is effectually 
closed by pressing the indiarubber cap of the pipette into 
it, but care should be taken to keep this glass upright so as 
to avoid the liquid flowing into the cap. Patients should 
not fail to carry a small quantity of serum in this glass 
about with them whenever they may expect a hay-fever 
attack. Immediately after noticing the first symptoms of 
irritation in nose or eye, a drop or two of the serum should 
be instilled upon the eye or into the nose affected. 

" The serum can be applied to the eye in the following 

^ It can be obtained from Messrs. Burroughs, Wellcome & Co. 
(price 10s.). 

'■^ From Semon's article in the Brit. Med. Joiirn.^ July 18, 1903, 
p. i24. 
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manner : — After sucking up a few drops into the pipette, 
exert a gentle pressure on the rubber cap until one drop 
just emerges from the opening of the pipette ; then before 
a mirror carefully approach the pipette to the outer comer 
of the eyelid, when the drop is sucked up by the eyelashes, 
and spreads over the conjunctival membrane. By the aid 
of a pocket mirror the same manipulation can easily be 
carried out in the open air. 

" In order to instil the serum into the nasal cavity, fill 
the pipette with three or four drops of serum, and, bending 
your head backwards, insert the pipette about ^ in. into the 
nostril affected, and empty it by a short pressure on the 
rubber cap. A few sniffs suffice to spread the serum over 
i-he mucous membrane." 

BOTULISM. 

The word " Botulism," originally applied to any form of 
" sausage poisoning," is now confined to affections produced 
by eating meat contaminated with a particular micro-organ- 
ism, the Bacillus botulimts, discovered by van Ermengem. 

By growing the bacilli in broth and filtering the cultures, 
Kempneri obtained a toxine which when injected into 
goats produced an antitoxic serum. This was found capable 
of protecting rabbits against many times the lethal dose of 
the toxine, and also of exerting a curative effect if given 
some hours after the poison. No records of the use of this 
serum in human beings are available. 

The toxine gives rise to changes in the cells of the spinal 
cord of a degenerative nature, similar to those found in 
fatal cases of the disease. 

ANTIABRIX SERUM. 

Jequirity has been used in ophthalmic practice to induce 
inllammation in eyes which are effected with chronic 
indolent conditions (pannus, tkc). Difficulties frequently 
arise owing to the impossibility of graduating the amount 
of inflammation produced. It has been found possible, 

1 Zeit.f. Hyyioic, 1897, Bd. 26. 
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however, by instillation of a serum^ prepared by injecting 
animals with abrin, the active principle of jequirity, to con- 
trol the inflammatory reaction produced by preparations of 
this plant. 

GRAVES' BISP^ASE (EXOPHrHALMIC GOITRE). 

In this disease the principle upon which serum treatment 
is founded is different from that in most of those previously 
considered, since the serum is used to neutralise a poison 
formed by the cells of the patient himself, not by any parasitic 
organisms. The treatment is in reality of the nature of 
" Organotherapy " — administration of animal organs or 
extracts. Since, however, it is serum which has been used 
in some cases, it demands notice here. 

iEtiolOgy. — The causation of this disease is not well 
understood. Several theories have been put forward to 
account for it. (1) It has been held, on the one hand, that 
the condition is due to a primary ** functional " disturbance 
of the central nervous system, affecting chiefly the hypothe- 
tical centre which is connected with the emotion of fear. 
The aspect of the patient, characterised by staring eyes 
and palpitating heart, and the general nervous instability, 
have been thought to favour this' explanation. (2) The 
sympathetic system, especially the cervical portion of it, has 
been thought to be the seat of some undiscovered lesion. 
The exophthalmos, the flushing, and the sweating so often 
seen in these patients, as well as the cardiac disturbance, 
seemed to point to a sympathetic origin ; but it is difficult 
to assign all the symptoms to either a stimulation or a 
paralysis of this nervous chain, some of the symptoms 
being in accord with the former, others with the latter kind 
of lesion, while the pupils are not usually altered in size, 
as might be expected in the case of an affection of the 
sympathetic. (3) Finally, the disease has been supposed 
to be due to an auto-intoxication caused by an excess of the 

^ See Dieudonn6, *' Immimitat, Schiitzimpfung u. Senimtherapie," 
Leipzig, 1908, p. 121. 
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secretion normally formed by the thyroid gland. The 
enlargement of tins structure is a frequent, though not an 
invariable, feature of the disease, which may apparently 
exist in an abortive form, lacking any one or even two of 
its main features (tachycardia, exophthalmos, and enlarge- 
ment of the thyroid gland). 

The strongest argument in favour of this last explana- 
tion of Graves' disease is the direct antithesis between the 
symptoms seen in it and those characteristic of myxoedema 
in which the cause is known to be a deficiency of thyroid 
secretion. 

Definite morbid changes are found in the thyroid gland 
in fatal cases of Graves* disease. The gland is large, and 
there appears to be proliferation of the cells lining the acini, 
so that there is a larger amount of secreting tissue than 
normal. The amount of colloid material lying in the 
alveoli is less than is usually present. This may be owing 
to its rapid absorption. The vascular supply of the gland is 
probably increased during life, as is indicated by the pulsa- 
tion to 1^ felt in it, and the murmur which is often audible 
over it. No constant changes have been found in the 
sympathetic or central nervous system. The thyroid gland 
is the only structure which exhibits primary clianges. 

Lanz' Milk-Treatment. — The first experiments in the 
direction of the treatment of Graves* disease by means of 
preparations derived from animals which had had the thyroid 
gland removed was made by Lanz,^ who performed 
thyroidectomy on goats, and treated cases of exophthalmic 
goitre with their milk. He has recorded altogether 3 six 
cases in which this treatment alone was adopted, 
and states that the results were very encouraging. As 
an instance, we may quote the case of a woman, aged 38, 
who exhibited the features of the condition in a very 
marked d(»gree. There was wasting and tremor, enlarge- 
ment of the heart and tachycardia (160 per minute), and 

' C'orrespoiidoizblatt f. iscliKe'izev Aerate, 1899, No. 23 
- Mth^rh. med. IVoch., 1^30^, v- ^^^- 
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oedema of the lower limbs. Exophthalmos was well marked 
and V. Graefe's sign present. The characteristic thrill was 
perceptible over the thyroid gland, which was much 
enlarged. The patient was very weak and depressed, and 
slept badly. The milk-treatment was carried out in 
liospital for ^ve weeks, at the end of which time very 
marked improvement had occurred. The woman felt much 
stronger, and could now walk about, which she could not 
do before. She was supplied with a goat from which the 
thyroid gland had been removed, and continued the treatment 
at home. At the end oF a year she was appirently quite 
cured. Lanz states that he has never seen a cure effected 
previously in a patient who had reached the stage of the 
malady presented by this case. 

Goebel ^ has also recorded a case of cure with the milk- 
treatment, but as the patient was given arsenic as well, it is 
impossible to be certain that the good result was due to the 
milk. 

A desiccated milk derived from thyroidectomised 
animals has been prepared by Burghart and Blumenthal, 
under the name of " Rodagen." It is said to be efficient, 
but acquires an unpleasant cheesy smell and taste on 
keeping (Moebius). 

Serum-Treatment. — Ballet and Henriquez 2 and 
Burghart and Blumenthal 3 have used the serum of dogs 
from which the thyroid gland had been removed, for the 
treatment of the malady, and they all record good results. 
Moebius * has made use of the serum •"• of rams, which had 
been similarly treated. Hypodermic injection was first 
employed, but was given up as unsatisfactory ; and adminis- 

1 Mihich. med. Woch,, 1902, No. 20. 

2 Semaiue Med., 1895, p. 329. 

» Bent. med. Ifoch., 1899 ; Nos. 37, 38 : v. Ley den's Festsclirift, 
Berlin, 1902, p. 251. 

"• Schmidt*s Jahrhiic/ier dei' Ges Medicw^ Vol. 273, p. 43 ; Mi'mch. 
med, Woch., 1903, No. 4, p. 149. 

* Ma'bius's serum is ninnufactured by Merck of Darmstadt, and 
is supplied in bottles of 10c. (160 minirasV It coxAaxrA ^ ^-wn-vv^ 
quantity of 1 'b per cent, carbolic acid aa a pTeaeT\«iV.vsft. 
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tration by the mouth was substituted. Moebius gives 5cc. 
of the serum every other day in a tablespoonful of wine. 
He noted a rapid diminution in the size of the thyroid 
gland in his patients, with diminished frequency of the pulse 
and cessation of the tremor. No ill-effects were observed. 

Schultes ^ also tried this remedy, giving smaller doses 
at shoiiier intervals (0.5cc. three times a day). These 
amounts were gradually raised by daily additions of 0.5c. to 
each dose, till the patients were taking 4.5cc. three times a 
day. Schultes first used sherry as a vehicle, and afterwards 
raspberry syrup. He noted the same good results as were 
claimed by Moebius, the pulse falling from 142 to 90 beats 
a minute, and the circumference of the neck dinjinishing to 
almost normal proportions. 

These results are very striking, and are of great interest 
not only from the point of view of therapeutics, but also as 
affording evidence of the nature of the true disease. If tbe 
above observations are confirmed, it will be almost certainly 
established that Graves' disease is due to over-secretion of 
the thyroid gland, and not to any primary nervous disturb- 
ance. The exact mode in which the milk or serum acts is 
not quite clear. That it must somehow counteract the 
excess of thyroid secretion is evident ; but it can hardly be 
supposed that the mere injection of so small a quantity of 
serum free from this substance could reduce the proportion 
of it present in the blood of a patient suffering from Graves* 
disease to a point below that at which toxic symptoms occur. 
There must be some actively-antagonistic principle in the 
serum or milk of the thyroidectomised animal, which acts 
as an antitoxine. It appears that symptoms of intoxica- 
tion occur both when there is defect and when there is 
excess of thyroid secretion; poisonous substances are set free 
which neutralise each other in health. In other words, the 
ction of the thyroid gland must be the preparation of a 
tance which neutralises a poison formed by the other 
Ines of the body in the course of their activity. It 

1 Miinch. med. iroch., 1902, No. 20, p. 834. 
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would, however, be premature to draw definite conclusions 
as to the aetiology of Graves' disease on the strength of the 
very small number of cases which are at present available as 
evidence of the curative properties of the serum of 
thyroidectomised animals. From the practical point of 
view, even should the treatment be proved successftil, there 
would still remain the serious consideration of expense in 
connection with it. Moebius records that in one of his 
cases the cost worked out at 400 marks («£20). 
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CHAPTER XVII. 

EPIZOOTIC DISEASES. 
ANTHRAX. 

Causal Af ent. — The Bacilhis anthracis was the earliest 
micro-organism to be discovered, on account of its large size, 
the discovery being made by Davaine in 1850. The 
organism had probably been seen by PoUender in the 
previous year. It was cultivated by Davaine in 1863, and 
obtained later by Koch in pure culture. In shape it 
is like a straight rod, with square or slightly cupped 
ends. In length it is about equal to the diameter of a 
blood-corpuscle, or occasionally even longer; and it may 
form chains consisting of several bacilli joined end to end. 
It is non-motile, and forms spores when cultivated outside 
the body. It is readily stained by aniline dyes, and 
retains the colour when treated by Gram's method. It 
grows freely on artificial media. The bacilli are virulent 
for most animals, with the exception of white rats, adult 
dogs, many birds, and frogs. Even these animals can be 
infected under certain conditions — as, in the case of frogs, by 
keeping them at a high temperature, while the rats can be 
rendered susceptible by fatigue. The disease is communi- 
cable to man, in whom it takes the form either of the 
superficial lesion known as " malignant pustule," or the 
internal condition, " woolsorters' disease." 

Of the toxines of the B. anthracis little is known ; it 
does not even seem definitely settled whether it produces a 
soluble poison or only contains an intracellular toxine. 

SERUMTREATMENT. 

Sclavo's Serum. — After a long course of experiments, 
Sclavo ^ succeeded in immunising goats against B. anthracis, 

I Berl. klin. Woch.^ 1901, Nos. 18 and 19, pp. 481, 620. 
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and found tliat their serum had a protective and curative 
effect. The goats were injected first witli attenuated 
cultures of the bacilli, and afterwards with virulent 
organisms. Rabbits were protected against lethal doses of 
anthrax-bacilli, and the injection of the serum within 24 
hours after infection exerted a curative effect. Great difficulty 
is, however, experienced in preparing a serum sufficiently 
potent to protect against the more virulent strains of the 
organism. To test the value of the serum, rabbits are 
injected intravenously with 5 cc. of the serum, and then 
receive, two hours later, 1-10 part of a virulent agar-culture 
of B. anthracis. 

More recently Sclavo has made use of asses for the 
preparation of his serum. It is found that if 2 cc. of 
the serum thus obtained are injected into a rabbit along 
with 1 cc. of a fresh, virulent broth-culture of bacilli, the 
animal is able to survive. For use in man, 30 to 40 cc. are 
injected in the flank, the whole amount being divided and 
injected in three or four different places. In severe cases, 
intravenous injection may be employed. The administration 
of the serum may be followed by a rise of temperature, 
which is of good prognostic import. Sclavo considers that 
his serum acts by stimulating the leucocytes in their conflict 
with the germs ; in any case it is an antibacterial, not an 
antitoxic serum. 

Very favourable results are recorded in cases of human 
anthrax in which Sclavo's serum was used. Thus 
Cigognani^ records the successful use of this serum in a 
series of fourteen cases. Large doses were given without any 
ill effects beyond the appearance of urticaria. The amount 
used was 40 cc, and this is best given intravenously. 
Good effects are rapidly produced. The general condition 
improves in a few hours, and the pustules heal up within 
two days, while convalescence is much shortened. Cases 
which appeared alarmingly ill were cured by the use of the 
serum 

1 Gazz, degli Ospedaliy 1902, No. 114. 
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Mendez's Semm. — Mendez ^ has immunised horses 
by means of injections extending over periods of six to 
eight months, and finds that he obtains a useful serum. 
He records that in twenty-five cases in man the injections 
were followed by feeling of improvement, with fall of 
temperature, and subsidence of oetlema and glandular 
swelling. The dose used is 20cc., and it is seldom neces- 
sary to repeat it. In cattle and sheep the serum has a 
curative effect, acting efficiently even in doses of ^cc. to Ice. 

DeutSCh's Serum. — L. Deutsche has prepared a 
serum by means of his vaccine mentioned below. It seems 
to be efficient for treatment of cattle, but has not been 
used upon man. It agglutinates the bacilli strongly, and 
contains an immune body or copula capable of destroying 
the organisms in the presence of a suitable alexine. 

VACCINATION (PASTEURISATION). 

Pasteur* S Method. — Pasteur's anti-anthrax vaccina- 
tion is of special interest as being one of the first attempts 
made at producing artificial immunity for practical purposes. 
The method consists in the use of two vaccines, a weak and 
a strong. The weak vaccine (No. 1) is prepared by growling 
the bacilli in a current of air at a temperature of 42*5° C. 
for twenty-four days. The strong vaccine (No. 2) is 
similarly prepared, but the heating is only carried on for 
twelve days. The injections are made subcutaneously, 
generally on the inner side of the thigh. The first vaccine 
produces scarcely any reaction ; it is used in order to raise 
the resistance of the animal sufficiently to enable it to with- 
stand the second vaccine, which produces a marked reaction, 
and is the actual immunising agent. 

Pasteur's vaccination has now been applied to a very 
large number of animals, cattle, sheep, and horses. Its 
use has reduced the mortality from the disease in 
countries in which it was endemic from an average of 10 

1 Centralblf. Bakteriol, 1899, xxvi., Nos. 21 and 22. 

'^ Deutsch u. Feistmantel, ** Impfstoffe u. Sera," Leipzig, 1903. 
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per cent, to about ^ per cent. A small number of animals 
die from the actual effects of the treatment, owing appar- 
ently to their possesHing a special idiosyncrasy for the 
disease. Chamberland ^ records that, from 1882 to 1893, 
of 1,788,677 sheep vaccinated there died altogether 10,872, 
a percentage of 0*94 ; while of 200,962 cattle similarly 
treated 691 died of anthrax, or 0*34 i)er cent. Previous 
to the introduction of vaccination the death-rates had been 
10 per cent, and 5 per cent, respectively. 

Sobemheim's Method.-^ — This consists in the siinul- 
taneous injection of a slightly- weakened cultui-e of the 
bacilli and of some antibacterial serum. Sobeniheim has 
treated 2,700 cattle in this way without any deaths due to 
the vaccination. In some herds, where the disease was very 
prevalent, the treatment was promptly effectual in causing 
disappearance of the epidemic. 

DeutSCh's Spore-vaccine.^— This is practically a 

modification of Pasteur's method. The attenuation is 

effected by heat. Two vaccines are used, the first of such 

virulence that it just kills mice or very young guinea-pigs ; 

the second such that it readily kills guinea-pigs, but is fatal 

to rabbits only in large doses. The adult bacilli are killed 

by heating to 60" C. for half an hour, and the spores are 

suspended in a solution of salt, glycerine, and water, and 

kept in an ice-chest to prevent their germinating. The 

doses are O'lcc. of each for sheep, and 0-2cc. for cattle and 

horses, the two vaccinations being made at an interval of 

twelve days. Good results are reported from the use of 

these vaccines. 

GliANDERS. 

JEtiology. — Glanders is primarily a disease of horses, 
asses, and mules, and is due to a bacillus discovered by 
LoefBer, and named Bdcillus mallei. It is a small, slender, 
rod-shaped organism, not unlike a tubercle-bacillus in ap- 
pearance, though it does not exhibit the special staining- 

1 Ami, dc V Inst. Pasteur ^ 1894. 
'•2 Berlin, klxn. IVoch., 1902, No. 22. 
^ Deutsch u. Feistmantel. Op. eit. 
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reaction characteristic of the bacilli of tubercle and leprosy. 
It stains readily with aniline dyes, but is decolorised by 
Gram's method. It is non-motile, and does not form spores, 
although it often presents a granular appearance which has 
been mistaken for spore-formation. 

Although the bacillus especially affects horses, the 
resistance of these animals to the bacilli is considerably 
greater than that of some other species. Guinea-pigs, cats, 
field-mice, and rabbits are susceptible, as are cattle and 
goats ; while man presents a high degree of susceptibility, 
the disease, if it occur in an acute form, being almost in- 
variably fatal. The acute form is generally seen in cases 
of accidental laboratory infection, while in cases derived 
from accidental inoculation from horses a chronic form of 
the disease is often produced. It is possible that the bacilli 
are rendered temporarily less virulent by passage through 
the horse ; this may account for the comparative rarity 
with which infection is conveyed to man, whereas the 
disease is common among horses. In guinea-pigs, caseous 
nodules, very like those seen in tuberculosis, are produced. 
If intraperitoneal inoculation is practised, a very character- 
istic feature of infection by the B. mallei in these animals 
is the swelling of the testicle which results. 

In horses the disease may take the form of a chronic 
affection of the lymphatics, causing the appearance of sub- 
cutaneous nodules and cords, due to inflamed lymphatic 
glands and vessels. This form is called by veterinarians 
" farcy.'' In its more acute form the disease affects the 
mucous membrane of the nose, causing ulceration and sup- 
puration, with general symptoms of pyrexia and weakness. 
In man somewhat similar affections occur. 

Eyrei states that of 245 collected cases in man, 
including both acute and chronic forms, no less than 208 
proved fatal. In a series of chronic cases alone, collected 
by Bollinger, recovery took place in 50 per cent. 

1 Art. " Glanders,*' in Quain's " Dictionary of Medicine,'* Ed. 
Montnguo Murray, 1902. 
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Agglutination. — The Bacillus mallei is agglutinated by 
the seinim of infected animals. This reaction may be used 
as a test for the presence of the disease. Rabieaux ^ states 
that agglutination occurring in dilutions of 1 : 1,000 may be 
looked upon as positive evidence of glanders. The injec- 
tion of mallein (see below) does not increase the clumping 
power of the serum. 

Mallem. — Mallein is manufactured by a method 
almost exactly similar to that used for preparing tuberculin. 
Virulent bacilli are obtained by repeated passage through 
guinea-pigs, and are then grown for a month in flasks of 
veal-broth at a temperature of 37° C. The resulting 
fluid is sterilised by heat, and filtered through a porcelain 
filter. The filtrate is evajxjrated to half its bulk in vacuo^ 
and is preserved by addition of a small quantity of carbolic 
acid. It is possible by addition of alcohol to a concentrated 
specimen of mallem to precipitate a solid substance, which 
may be dried and used instead of the liquid form. The 
strength of the preparation is tested by injecting Ice. into a 
rabbit, which should succumb in eight to fifteen days. 

Mallem 2 is obtainable at the Pasteur Institute in two 
forms, a concentrated liquid as above described, and a dilute 
form ready for use. If the concentrated form is employed. 
Ice. of it must be diluted to lOcc, with \ per cent, carbolic 
acid solution; 2 -Sec. is a suflicient test dose of this diluted 
fluid. Other brands of mallem are manufactured of various 
strengths, the quantity of each suitable for an injection 
being stated on the bottles. 

Effects of Injections of Mallein. — In glandered 

horses an injection of mallem is followed by the appearance 
of a large tender swelling at the seat of injection ; this 
continues to enlarge for the first 48 hours, and does 

^ Jotirn. de Medecine Veterinaire^ Aug., 1902. 

2 Mallein may be obtained from the Lister Institute of Preventive 
Medicine, or from their agents, Messrs. Allen & Hanbury, in 
bottles of 3cc. (Is.) ; also from Messrs. Burroughs, Wellcome, & Oo., 
in bottles of 4cc., equal to 2 injections (Is.) ; from Messrs. Parke, 
Davis, & Co., in single doses, about Ice. (2s. 6d.) ; and from the 
Royal Veterinary College. 
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^ Art. ** Glanders,'* iu Quain's " Dictionary of Medicine," Ed. 
Murray, 1902. 
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1 Journ, de Medecine Veterinaire, Aug., 1902. 

2 Mallein may be obtained from the Lister Institute of Preventive 
Medicine, or from their agents, Messrs. Allen & Hanbury, in. 
bottles of 3cc. (Is.) ; also from Messrs. Burroughs, Wellcome, & Oo., 
in bottles of 4cc., equal to 2 injections (Is.) ; from Messrs. Parke, 
Davis, & Co., in single doses, about Ice. (2s. 6d.) ; and from the 
Royal Veterinary College. A 
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discovered by Nocard and Roux which is on the border 
line between the visible and tlie invisible. It is capable 
of passing through Berkefeld or Chaniberland filters. Pro- 
tective inoculations with the tissue- juices of infected animals 
were carried out by Pasteur and others. Since the dis- 
covery of the microbe pure cultures have been used for this 
purpose, the inoculations being made into the tail. 

SWINE-ERYSIPELAS. 
The bacillus which causes this affection was discovered 
by Pasteur in 1882. He devised a method of vaccination 
by means of two viruses, the first of which consisted of 
bacilli attenuated by passage through rabbits, the second of 
organisms the virulence of which had been increased by 
passage through pigeons. Other bacteriologists have pre- 
pared a protective serum ; and a method of immunising by 
means of this serum and the vaccine injected successively 
or simultaneously has been used with good effect. 

SWINE-PLAGUE. HOG-CHOLERA. 
There appears to be some doubt as to whether the 
conditions so named are really the same disease or two 
different affections. The former is stated to be due to a 
non-motile oval organism of the genus Paste^irella, the latter 
to a motile organism. The organism of chicken-cholera is 
said to be closely related to these bacteria. The three have 
been called respectively Bacillvs suipestifer, suisepticusy and 
avisepticv-a, A serum has been prepared by injections of a 
mixture of these organisms ; it is polyvalent, and pro- 
tects against all of them. It is also capable of curing the 
developed disease. 

SHEEP-POX. 
Borrel ^ has prepared an antitoxine of which 2cc. is 
sufficient to prevent generalisation of the infection in this 
condition, while 15cc. to 20cc. prevents the appearance of 
even local symptoms. Protective inoculation with infective 
material has also been practised. 

J Ann. de I Inst. Fasteur, 1903, p. 123. 
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FOOT-AND-MurTII DISKASK. 

The virus of this disease is coiitaiiuHl in the tur)>i(l Huid 
present in the characti^ristic vesicles. If dilutive!, it is 
capable of passing through I^rkefeld filters, but not through 
the finer Kitasato filter. Vaccination may bt* canied out 
with this fluid. Lwffler and Uhleidiuth^ prepared a serum 
by inoculation of sucking-pigs ; lOcc. to 20cc. will protect 
a pig or sheep. Largt* quantities would be necessiiry for 
cattle, and the serum is neccjswirily costly. 

DISTEMPER OF DOGS. 

This malady, which affects young dogs, and of which 
one attack protects against further infection, is due to a 
special bacillus. Phisalix - has vaccinated })uppies with 
cultures of this organism, and states that the method affords 
protection. Of 985 dogs treated, only eighteen died of the 
disease (1*70 per cent.); twenty-eight had mild attacks. 

GANGRENOUS SEPTIC.KMIA. 

Gangrenous septicaemia, due to invasion of animals by 

the Vibrion septiqvs, has been combated by a serum which 

acts as a prophylactic and also to some extent as a remedy. 

Leclainche and Morel ^ state that the serum is antibacterial 

and also antitoxic, and that it acts by stimulating the 

white corpuscles of the blood to destroy the organisms bji 

phagocytosis. 

FO WL-DIPHTHE RI A. 

This malady, which occurs in fowls, and is characterised 
by the formation of false membrane, is not due to the B. 
diphtheriaB (Klebs-Lceffler bacillus), but to a specific cocco- 
bacillus, which exhibits a peculiar oscillating movement. 
Gu^rin* has produced immunity by intraperitoneal in- 
jections of attenuated cultures. He finds that a protective 
serum can be obtained from horses. 

1 Deut. med. Woch., 1901, p. 7. 

« Le Progres Med., Au?. 29, 1903, p. 129. Cf, Compt. Rend, de 
VAead. dea Sciences^ May 26, 1902. 

' Ann, de VInst, Pasteur , 1901, p. 1. 
•* Ann, de VInst, Pasteur, 1901, p. 941. 
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APPENDIX. 

A.— ARTIFICIAL SERUM. 

The name of " Artificial Serum " is sometimes given 
to saline solution used for injection as a curative measure. 
An account of this procedure may, therefore, be expected 
here, though the subject has in reality nothing to do with 
serum-treatment. 

The salts in normal human serum are present in the 
following proportions : — 



Sodium chloride 


4-92 per 1,000 


,, sulphate 


0-44 „ 


„ carbonate • 


... 0-21 „ 


„ phosphate 


015 „ 


Calcium „ 


0-073 „ 


Magnesium „ 


0073 „ 



Hence the fluid which would be theoretically best for injec- 
tion would consist of the above proportions. For practical 
purposes it is found that a simple solution of common salt 
(sodium chloride) is quite satisfactory. The strength 
usually advised is 0*75 per cent. A solution which is near 
enough to this, and which can be prepared on the spur of 
the moment without careful weighing and measuring, is 
made by adding a (small) teaspoonful of salt to a pint of 
water. An ordinary large teaspoonful, moderately heaped 
up, would be suflScient for about a quart of water. The 
solution should be boiled before use, and allowed to cool to 
the desired temperature. This may vary according to the 
condition for which the injection is made : if there is no 
special need to increase the body- temperature, the fluid may 
be used at a temperature of 100° F., but if there is cold- 
ness of the surface and extremities, an injection at a heat 
115** to 118° F. may act beneficially. Even higher 
are recommended by some authorities. 



^^ 115* 
^^fcgrees 
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The important points to be observed as to the constitu- 
tion of an artificial serum are : — L That it should be of 
approximately the same density as the blood, so that it 
may neither cause shrinking of the blood-corpuscles by 
extracting the water from them, as it would do if it were 
too concentrated, nor cause them to swell up by imbibition 
of fluid, as it would be if it were too weak. 

2. It must not contain any particles of such a size that 
they could produce embolism of systemic or pulmonary 
vessels. If there is any doubt as to the clearness of the 
fluid, it should be strained through fine muslin, or filtered 
through cotton- wool before use. 

3. It must be sterile, at least as far as pathogenic germs 
are concerned. The fluid is, therefore, boiled before use, 
and the instruments used are carefully sterilised. 

Administration of Saline Solution. — The solution 

is usually given intravenously. For this purpose any vein 
may be chosen, but one of those at the bend of the elbow is 
generally found most convenient. In many cases as good 
results are obtained by subcutaneous injection of fluid, or 
even by rectal enemata, as by the intravenous method ; but 
the absorption takes place a little less rapidly, so that in 
urgent cases the last method is preferable. Saline fluid is, 
however, very quickly absorbed from the rectum or subcu- 
taneous tissue when the system is drained of its proper 
fluids, as in haemorrhage or profuse discharges (diarrhoea, 
cholera). 

Use of Saline Solution. — Injection of saline solution 
has been employed in the following conditions : — . 

1. Hmmorrhage. — After a severe loss of blood from 
any cause, as from wounds or post-partum bleeding, injec- 
tion of saline solution may save life by increasing the 
quantity of fluid in the vessels, and thus enabling the 
heart to continue its work. Death occurs from lack of cir- 
culating fluid rather than from defect of corpuscles to convey 
oxygen to the tissues, and the saline solution tides over the 
time until more corpuscles are manufactured. Large 
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quantities may be injected under these circumstances, e,g, 
three to six pints. The fluid should be injected slowly, ten 
minutes or a quarter of an hour being taken over the injec- 
tion of a quart of saline solution. The state of the pulse 
may act as a guide as to the amount needed, the beat 
becoming full and steady when the vessels are adequately 
filled, wherefis it may )>e thready and almost imperceptible 
at first. 

2. Diabetic CoDia, — Bleeding and injection of artificial 
serum may arouse a patient from a state of coma in this 
disease, and produce a period of mental clearness, in which 
friends may be recognised, and even business, such as the 
signing of a will, performed. It is probable that a fatal 
issue cannot in any case be averted when once coma has 
ensued. It has been suggested in view of the diminished 
alkalinity of the blood in diabetic coma that a fluid with a 
slightly alkaline reaction should be employed instead of 
ordinary salt-solution. A small proportion of carbonate of 
soda may be added to the saline solution, if it be thought 
advisable. 

3. Urcemia. — Bleeding followed by infusion of saline 
solution has been recommended in uraemia. The procedure 
may get rid of some of the poison from the blood, and 
dilute that which remains. In cases of suppression of 
urine large enemata of hot saline fluid may prove effica- 
cious in promoting a flow of urine. 

4. In Cholera and Infantile Diarrhoea injections of fluid 
may be made to counteract the drain of serous fluid from 
the bowel. 

5. In Snimtroke a good result may be produced by 
bleeding, followed by saline injection. Two cases have 
recently been recorded ^ in which this treatment was suc- 
ceeded by fall of temperature, cessation of convulsions, and 
refreshing sleep. The amount of blood withdrawn and of 
fluid injected was 12 ounces. 

^ Xew York Med, Joum. bh^ Philadelphia Med. Joum.j Aug. 1, 1903, 
J>. 236. 
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6. In Shock and Collapse infusion of saline fluid may 
produce recovery. It has been suggested that, whereas 
in collapse the injection is right and proper, in shock this 
procedure is not advisable, as the blood in these cases is 
stored up in the abdominal veins, and therefore there is 
no indication for increasing the bulk of fluid in the vessels. 
The practical results recorded appear to be favourable, in 
spite of the theoretical objections. i 

7. The use of hot saline fluid has been suggested in 
Abdominal Operations, on the ground of experimental 
results in animals, which received inoculations of pyogenic 
organisms within the peritoneal cavity and yet recovered, if 
subsequent injectiong of the solution were administered. 
Leucocytosis is said to be induced, while the poisons of 
the infective organisms are diluted. 

Courmont considers that there may be danger in admin- 
istering saline solution to patients suffering from renal 
disease, if there be in them any tendency to dropsy. The 
kidneys when diseased may become impervious to sodium 
chloride, and this salt may pass into the tissues, and so lead 
to increased transudation of fluid (oedema). 

TUUNECEK'S SERUM. 
Trunecek has devised a special " serum " for the treat- 
ment of patients who are the subjects of arterio-sclerosis. 
Its composition is as follows : — 

Sodium sulphate 0*44 grammes 

,, chloride 4-92 „ 

„ phosphate 0-15 „ 

„ carbonate 0-21 „ 

Potassium sulphate ... ... '0-40 „ 

Distilled water lOOcc. 



The theoretical action of this fluid is twofold. In the first 
place, it is said that in old age the amount of sodium 
chloride contained in the blood and tissues is diminished, 
and, therefore, a " serum " containing ten times the 

^ See discussion at the American Medical Association. American 
Medicine, June 20, 1903, p. 984. 
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normal amount of salt is injected. In the second place, 
part of the arterio-sclerotic process consists in a deposit of 
calcium phosphate in the diseased vessel-walls. It is advis- 
able, therefore, to inject a fluid which will have the power of 
holding this substance in solution, and the. above-mentioned 
solution has this property. In addition to these main pro- 
perties, Trunecek's solution is calculated to increase the 
alkalinity of the blood, and so to enable it to hold more 
carbon dioxide in solution, while the sodium chloride also 
acts as a stimulant to the heart. 

Dose. — Trunecek, as a rule, starts with Ice, repeated 
every four to seven days, gradually increasing the dose by 
0*2 to 0-5cc. If there is urgent dyspnoea, injections may be 
given every day. Others have used larger doses (see below). 

Use of the Serum. — Trunecek records the case of a 
patient suffering from aneurysm of the aorta, which had been 
treated previously with iodine of potassium without benefit. 
He began his treatment with one- third of a cubic centimetre 
of serum, and administered Ice. ten days later. Improve- 
ment was soon visible, the dyspnoea from which the patient 
had suffered becoming less distressing. The injections were 
continued in gradually increasing amounts every three or 
four days, until, at the end of seven weeks the patient had 
had 12cc. of serum. At this time the pulsation had 
ceased in the tumour caused by the aneurysm, and under 
further treatment this shrank considerably in size. 

Leopold-Levi^ has tried the remedy, giving doses of 
1 to 5cc. subcutaneously. The injections are not painful, 
though some slight induration may occur at the seat of 
injection. He observed good effects in cases of arterio- 
sclerosis — disappearance of hemiplegic symptoms and of 
giddiness, along with improvement in the memory. 

Zanoni and Lattes 2 also attribute good effects to the 
serum in angina pectoris and in the dyspnoea associated 
with arterio-sclerosis. They gave doses of 1 to 2cc. every 

1 aaz. Hebdom. de Med, et de Chir., 1901, No. 80. 
'^ Gaz. deyli Oapedaliy 1902, No. 6. 
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day. Cosraai found good effects produced on the nervous 
symptoms accompanying the disease, such as palpitation, 
sleeplessness, giddiness, and dyspnoea, but did not think that 
the morbid process was itself influenced in any way. 
Neurasthenia and nervous affections in the course of 
pellagra and anaemia were also benefited. Chandler^ has 
administered the serum by the mouth, in doses of 16cc., 
in rheumatism and arteriosclerosis ; he was favourablv im- 
pressed by the results produced. He mentions that the 
salts may also be given in cachets (Levi) according to 
the following formula : — 

R Sodium chloride 10 grammes 

„ sulphate 1 ,, 

,, carbonate 040 ,, 

„ phosphate.. 0-30 ,, 

Calcium and magnesium phosphates, a a 0*75 „ 
M. ft. '* cachets," No. xiii. Each cachet is equal to 15 cc. of 
serum. 

It is diflicult to believe that the small doses of saline 
solution used by Trunecek can have any real influence in 
arterio-sclerosis ; the percentage actually added to the whole 
volume of blood by Ice. of his serum must be infinitesimal. 
In any case, we cannot hope by its means to dissolve any 
existing deposits of calcium-salts in the vessel- walls. The 
primary process is probably a degeneration of the elastic 
tissue, which is replaced by fibrous material ; this latter 
becomes impregnated with calcium-salts. It is not even 
clearly proved that this calcification is harmful. It is rather 
a sign of degeneration than an actual lesion in itself. The 
larger doses of the serum used by the other observers men- 
tioned may, perhaps, be useful in supplying the deficiency of 
salts said to exist in old age, and the influence claimed to 
be exerted on dyspnoea may possibly — if not due to sug- 
gestion — be due to the increased alkalinity of the blood 

1 Spitalul., 1903, No. 138 (Abstr. in Zentralbl f. inn. Med., 1903, 
p. 879). 

2 N. Y, Med. Journ. and Philad. Med. Journ., 1904, p. 305. 
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plasma and the additional power gained of dissolving carbon 
dioxide. 

B.— SERUM DERIVED FROM MILK. 

In a paper read before the Medical Congress at Madrid 
(1903) BlondeP describes a preparation which he calls 
" serum derived from milk," and which, according to his 
observations, has distinct therapeutic properties. It is 
obtained by rapid coagulation of fresh milk at a temperature 
of 38° C. by means of the addition of acid. The fluid is 
neutralised with soda, and Altered through a porcelain 
" candle." If it is kept in sealed vessels in an atmosphere of 
carbon dioxide, it can be preserved indefinitely. It contains 
pepsine, trypsine, lipase, a ferment which decomposes salol, 
a glycolytic ferment, and oxydases. Injected into the 
femoral vein of a dog, the serum produces diuresis. If the 
blood-pressure in the animal is normal, no effect is produced 
on it ; but if it has previously been raised artificially by 
means of cocaine or suprarenal extract, the serum reduces 
it again. 

In a healthy man no ill-effects are produced by the 
serum, except that the weight falls steadily, while the 
excretion of urea and phosphates is increased. Administered 
to a gouty individual, it produced an acute attack of 
arthritis, although the patient had just passed through a 
similar experience ; the discharge of uric acid was greatly 
increased. 

In patients with high arterial tension the serum produces 
a fall of blood-pressure ; while in one case, in which the 
blood-pressure was originally low, the effect of the injection 
was to induce alarming syncope. 

In infectious conditions the serum produces a fall of 
temperature ; thus in a case of pneumonia the pyrexia fell 
from 41^ to 36*8*^ C, and in a sufferer from enteric fever 
from 41° to 37 5°. Blondel considers that the ferments in 
the serum act as antagonists to the toxines of the disease, 

^ Revue de Therapeut. Medico-Chir.^ June, 1908, p. 361. 
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and that the serum also produces a leucocytosis. Cure of 
infectious conditions is thus effected on the lines of natural 
recovery. The treatment is specially adapted to cases in 
which general toxaemia has resulted from a local lesion which 
can be treated by surgical measures. Any toxines which have 
reached the blood-stream .are destroyed by the ferments of 
the serum. He gives as instances in which good effects 
were seen a case of sloughing ulceration of the vagina, in 
which the use of the serum appeared to aid the local 
treatment, and also three cases of grave pneumonia. He 
has treated thirty cases in all, most of them being puerperal 
sepsis. Only one death occurred, and that was in a case 
which was admitted moribund. The dose of the serum is 
usually 20cc., divided into two doses, but as much as 60cc. 
may be used. The concomitant employment of small doses 
of quinine (1 J to 3 grains) assists the thermolytic action of 
the serum. 

The injections are not painful, but a sensation of cold is 
sometimes experienced in the limb on which the injection is 
made. A trace of albumen may appear in the urine. 

Blondel thinks that his serum may be used in arterio- 
sclerotic cases in place of Trunecek's saline solutions, and 
also in infections accompanied by pyrexia. 

C— MORPHINE-ANTITOXINE. 

It was stated in the introductory chapter of this book 
that the ordinary mineral and vegetable poisons, such as 
arsenic or morphine, do not give rise to the formation of 
an ti toxines ; and this is the view generally held. Hirschlaff,^ 
however, claims to have succeeded in producing an anti- 
toxic serum which will counteract poisoning by morphine 
He injected gradually-increasing doses of the alkaloid into 
rabbits, and obtained their serum. He then ascertained 
exactly the minimal lethal dose of morphine for a rabbit 
per kilogram of body-weight, and found that if some of the 
serum was administered along with the poison, the animals 

1 Berl. klin. Woch., Dec. 8 and 15, 1902. 
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were able to survive a larger amount than if no serum were 
given. The serum was also capable of protecting mice 
against the poison. Further, Hirschlaff found that if an 
emulsion of brain-sul>stance was mixed with the morphine, 
larger doses of the latter could be tolerated, from which he 
concludes that the brain-cells have a power of fixing this 
poison similar to that which they exhibit towards the toxineof 
tetanus. In a (human) case of morphine-poisoning which he 
observed, Hirschlaff made use of some of the antitoxic 
rabbits' serum, and considered that it had a distinct anti- 
dotal action. He has also found it useful in enabling 
patients who have formed a morphine habit to leave off the 
drug at. once, the severe nervous symptoms which usually 
occur under such circumstances not being experienced. 

Hirschlaff's statements have been severely criticised by 
Morgenroth,! and it is probable that his conclusions are 
founded on errors of observation. 

An anti-alcoholic serum has been prepared by Sapelier 
and Dromard, but at present it is difficult to take the claims 
of the preparation very seriously. ^ The effects of serum 
derived from her bivorous animals in cases of strychnine- 
poisoning has been investigated by Lo Monaco,^ who sug- 
gests the use of diphtherial antitoxine in this condition. 

1 Berl, klin. Woeh., 1903, No. 21. 

2 An abstract of the author's observations may be found in the 
Jour, de Med. et de Chir. Pratiques^ June 25, 1903, p. 461. 

8 Arch. Ital. de Biologia, June 10, 1903. 
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